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INTRODUCTION 


Helicopter  maneuverability  at  moderate  and  high  forward  speeds 
has  become  important  to  the  aircraft  operator  in  recent  years. 

In  civilian  applications,  maneuverability  in  this  speed  range 
is  necessary  for  pipeline/powerline  patrol,  course  change,  and 
terrain  avoidance  purposes,  while  military  operations  require 
vehicle  agility  for  evasive  reaction  to  hostile  fire  and  for 
close  air  support  missions.  High-speed,  high-g  maneuverability 
requirements  are  more  stringent  for  the  military  user;  Southeast 
Asia  operational  flight  data  (References  1 and  2)  have  estab- 
lished that  gunship  missions  require  significantly  more  maneuver 
capability  than  any  other,  as  shown  in  Figure  1.  The  AH-1G 
(Huey  Cobra)  was  entering  service  at  the  time  these  data  were 
collected,  and  gunship  maneuverability  requirements  were  not 
well  established.  The  Cobra  was  well  suited  to  its  mission 
requirements,  but  some  adverse  flight  characteristics  were 
encountered  in  certain  high  normal-load-factor  maneuvers,  such 
as  transient  engine  torque  pressure  changes  during  high  roll 
rate  maneuvers.  Cyclic  control  force  feedback  at  high  load 
factors  was  encountered,  but  this  phenomenon  was  intentionally 
designed  into  the  helicopter  to  warn  the  pilot  that  the  maneuver 
should  be  limited  in  severity. 

A series  of  flight  tests  was  conducted  at  Edwards  Air  Force 
Base  (Reference  3)  in  the  spring  of  1970  "to  study  in  detail 
the  characteristics  of  maneuvering  flight  and  to  identify  any 
limitations  required  to  improve  flight  safety."  A heavily 
instrumented  AH-1G  was  used  to  gather  additional  data  to  quan- 
tify the  descriptions  of  phenomena  encountered  in  Southeast 
Asia.  These  data,  and  the  data  of  the  structural  demonstration 
flight  tests  (Reference  4) , identify  the  high-g  boundaries  of 
the  flight  envelope  and  describe  the  symptoms  associated  with 
these  boundaries.  The  referenced  studies  do  not  address  them- 
selves to  determining  the  causes  of  the  maneuver  limitations. 


The  objective  of  the  present  investigation  was  to  study  the 
maneuvering  flight  data  of  References  3 and  4 and,  with  the 
aid  of  computer  simulated  maneuvers,  describe  the  mechanics 
involved  in  the  phenomena  which  limit  high-g  maneuvers  of  the 
AH-1G.  For  the  purposes  of  the  investigation,  all  maneuver 
limitations  were  classified  into  four  categories:  avoidable, 

subjective,  design,  and  absolute  limits.  The  first  two  cate- 
gories constitute  the  "soft"  limits  in  the  sense  that  revision 
of  training  or  operating  techniques  will  modify  or  eliminate 
them,  while  the  latter  two  categories  contain  those  limits  which 
are  intrinsically  hardware  oriented,  and  will  require  techno- 
logical breakthroughs  to  modify.  The  scope  of  these  four  cate- 
gories is  best  delineated  by  examples. 
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Avoidable  maneuver  limitations  include  such  problems  as  "in- 
adequate altitude  margins  to  recover  from  hiqh-g  turns  at  low 
airspeeds."  This  difficulty  can  be  avoided  by  initiating  such 
maneuvers  from  higher  altitudes.  If  the  low  entry  altitude  is 
required  for  some  reason,  such  as  accuracy  of  ordnance  delivery, 
then  this  restriction  is  unavoidable  and  is  actually  a design 
limitation. 

Subjective  limits  are  related,  in  general,  to  human  factors 
considerations  and  pilot  judgment.  These  limits  are  partially 
avoidable,  as  one  pilot  might  terminate  a maneuver  sooner  than 
another  because  he  felt  that  the  pitch  rate  was  too  great.  In 
this  area,  the  limit  might  be  modified  by  training  pilots  to 
accept  larger  angular  rates  (within  the  confines  of  safety-of- 
flight  considerations).  Another  example  of  a subjective  maneu- 
ver limit  is  the  termination  of  a maneuver  due  to  excessive 
vibration,  as  individual  pilots  have  different  tolerances.  But 
this  limitation  is  a] so  a design  limitation,  as  the  solution 
requires  better  vibration  isolation  for  the  crew,  necessitating 
design  changes.  Limits  imposed  due  to  structural  considerations 
are  also  design  limits  and  their  elimination  would  require  a 
stronger  structure. 

The  boundaries  of  the  flight  envelope  are  normally  not  defined 
by  structural  limitations  as  other  limits  are  encountered  first. 
Among  these  are  the  absolute  limits,  one  of  which  is  physio- 
logical in  nature,  i.e.,  the  structure  is  usually  designed  such 
that  the  crew  would  terminate  the  maneuver  before  the  primary 
structure  would  fail.  The  other  major  absolute  limit  is  the 
aerodynamic  limit  of  the  rotor.  This  is  a design  limit,  in  that 
the  rotor  size,  airfoil,  and  rotational  speed  can  be  varied, 
but  Duhon  (Reference  5)  has  shown  that  the  maximum  lift  capa- 
bility of  contemporary  rotors  is  limited  to  a C /a  of  about 
0.17  to  0.19. 

These  different  types  of  limitations  have  been  studied  in  the 
current  effort.  Structural  limitations  were  specifically  ex- 
cluded, as  they  were  being  investigated  under  a separate  con- 
tract (Reference  6).  The  high-g  maneuver  data  of  References  3 
and  4 were  selected  for  analysis  in  this  study,  as  they  describe 
a wide  range  of  AH-1G  maneuvers.  These  data  have  been  supple- 
mented with  data  from  a series  of  simulated  fixed  collective 
symmetric  pullups  and  all  the  maneuver  data  have  been  statisti- 
cally analyzed.  In  addition,  three  of  the  flight  test  maneuvers 
have  been  simulated  and  the  aerodynamic  conditions  have  been 
analyzed  using  contour  plots.  The  results  of  this  analysis 
have  been  used  to  determine  the  interrelationships  among  the 
variables  and  to  determine  the  mechanisms  which  .Limit  AH-1G 
high-g  maneuvers . 
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FLIGHT  TEST  DATA 


The  test  programs  of  References  3 and  4 provide  a large,  diverse 
body  of  AH-1G  maneuvering  flight  data,  as  several  types  of 
maneuvers  were  flown  with  the  aircraft  in  different  configura- 
tions and  under  varying  atmospheric  conditions.  The  Bell 
Helicopter  Company  tests  were  conducted  to  demonstrate  the 
structural  integrity  of  the  aircraft  throughout  the  specified 
flight,  envelope  while  the  Army  tests  were  intended  to  determine 
if  any  maneuvering  limitations  should  be  imposed  on  the  AH-1G. 
Although  the  tests  were  flown  for  different  purposes,  the  air- 
craft were  instrumented  in  a similar  manner  and  the  data  gen- 
erated by  the  two  programs  constitute  a unified  set  of  quan- 
titative information  that  can  be  drawn  upon  to  study  the 
mechanisms  limiting  high-g  maneuvers. 

Maneuvers  with  mean  normal  load  factors  in  excess  of  1.3  g were 
selected  for  this  study.  (In  some  instances,  the  normal  load 
factor  reported  on  the  pilot  card  was  greater  than  that  recorded 
by  the  instrumentation,  so  a few  maneuvers  with  normal  load 
factors  less  than  1.3  g are  included  in  the  data.)  One  hundred 
thirty-two  such  maneuvers  of  the  types  listed  in  Table  I were 
selected  from  the  data.  The  teardrop  turns,  level-return-to- 
target  and  combat  maneuvers  of  the  Army  test  program  were  ex- 
cluded from  the  selection  process  because,  unlike  the  132 
maneuvers  chosen,  these  are  very  complex  and  cannot  be  described 
by  a small  set  of  parameters. 

The  records  for  a maximum  of  twenty-one  variables  were  examined 
for  each  maneuver  as  listed  in  Table  II.  These  variables  were 
chosen  to  describe  the  aircraft  trajectory  as  completely  as 
possible  and  to  indicate  the  loading,  power,  and  vibration  lev- 
els experienced  during  the  maneuver.  Several  of  the  variables 
listed  in  Table  II  are  of  secondary  value  to  the  analysis;  the 
primary  variables,  and  the  maximum  values  observed,  are  listed 
in  Table  III. 

The  data  were  reduced  for  that  2 to  2-1/2  second  interval  of 
the  maneuver  which  contained  the  time  of  maximum  mean  normal 
load  factor.  The  method  of  data  reduction  was  to  band  the  trace 
(see  Figure  2)  and  to  determine  the  value  at  the  upper  and  lower 
edges  of  the  envelope  at  each  1/10  second.  The  mean  value  of 
the  trace  was  computed  as  the  average  of  these  two  values  and 
the  oscillatory  amplitude  was  taken  to  be  one-half  the  differ- 
ence of  the  values,  i.e.,  the  one-half  peak-to-peak  value. 


Several  instrumentation  problems  were  encountered  during  the 
reduction  of  the  data  which  caused  either  the  loss  of  aata  for 
one  or  more  variables  for  a particular  maneuver  or  introduced 
uncertainty  into  the  data  set.  As  an  example  of  data  loss, 
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the  oscillogiaph  paper  speed  was  reduced  for  Army  Flight  22,  so 
that  many  of  the  overlapping  traces  were  indecipherable  in  the 
period  of  maximum  mean  normal  load  factor. 

The  problem  of  uncertainty  was  due  to  four  different  effects. 

For  many  of  the  maneuvers  the  rate  and  attitude  information  were 
contradictory,  i.e.,  the  pitch  attitude  trace  showed  a different 
pitch  rate  than  that  given  by  the  pitch  rate  trace.  A second 
effect  was  the  shift  in  trace  zeros  between  the  beginning  and  end 
of  a flight.  This  means  that  the  absolute  value  of  a variable 
could  not  be  known.  A third  problem  is  the  lack  of  a calibration 
constant  for  the  copilot  vertical  acceleration  trace  in  the  Army 
data.  It  was  assumed  to  be  equal  to  the  desired  sensitivity 
given  in  Reference  4,  1.05  g/inch.  The  fourth  cause  of  uncer- 
tainty was  a possible  reading  error  of  ±0.01  inch,  which  is  about 
the  width  of  the  oscillograph  trace.  No  attempt  was  made  to 
account  for  these  different  measures  of  uncertainty,  as  they 
either  could  not  be  quantified  or,  in  the  case  of  the  reading 
error,  were  less  than  one  percent  of  the  full  throw  value  of 
the  trace. 

Table  IV  identifies  the  132  selected  maneuvers  by  flight  num- 
ber and  oscillograph  counter  numbers  and  the  measured  maximum 
mean  normal  load  factor  achieved.  The  table  also  lists  the 
missing  variables  for  a given  counter  and  notes  major  discrep- 
ancies between  the  recorded  value  of  the  maximum  mean  normal 
load  factor  and  the  value  reported  on  the  pilot  card. 

The  AH-1G  high-g  maneuver  data  have  been  statistically  analyzed 
to  render  them  into  a more  usable  form.  The  discipline  of  de- 
scriptive statistics  has  been  used  to  reduce  the  large  body  of 
data  to  a small  set  of  numbers  which  define  the  parameters  of 
the  high-g  maneuvers  examined.  As  the  maneuver  data  constitutes 
a sample  of  the  population  of  all  high-g  maneuvers,  statistical 
inference  has  been  used  to  draw  conclusions  about  the  entire 
population.  Since  data  were  not  available  for  each  variable  for 
each  observation,  special  provisions  were  made  for  calculating 
the  statistics  of  the  set.  In  particular,  the  sample  correla- 

tli  th 

tion  coefficient  between  the  i^  and  j variable,  depends 

on  the  number  of  observations  of  each  variable  contained  in  the 
data  set.  Formulas  for  r^j  and  other  statistical  quantities 

are  given  in  Appendix  I.  The  computer  program  used  for  the 
calculations,  also  described  in  the  appendix,  computes  and  lists 
the  mean  and  standard  deviation  for  each  variable,  the  standard 
error  of  estimate,  computed  value  of  t,  and  probability  of  a 
deviation  less  than  t. 

The  35  variables  chosen  for  the  statistical  analysis  are  listed 
in  Table  V with  their  mean  value  and  standard  deviation.  Nine 
of  these  variables  are  designated  as  base  variables  because 
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excessive  values  or  oscillation  in  these  traces  would  indicate 
that  a maneuver  limit  had  been  reached.  The  nine  base  vari- 
ables and  their  variable  numbers  are: 


Variable 

Number 


7 

9 

10 

13 

15 

17 

35 


Variable 

Oscillatory  Copilot  Vertical  Acceleration  at  the 
time  of  Maximum  Mean  Normal  Load 

Oscillatory  Main  Rotor  Pitch  Link  Axial  Force  at 
the  time  of  Maximum  Mean  Normal  Load 

A (Longitudinal  Cyclic  Stick  Position)* 

A (Lateral  Cyclic  Stick  Position) 

Engine  Torque  Pressure  at  the  time  of  Maximum  Mean 
Normal  Load  Factor 

Oscillatory  Main  Rotor  Chordwise  Bending  Moment, 
Station  135,  at  the  time  of  Maximum  Mean  Normal 
Load 

Oscillatory  Longitudinal  Cyclic  Stick  Force  at  the 
time  of  Maximum  Mean  Normal  Load 

Oscillatory  Lateral  Cyclic  Stick  Force  at  the  time 
of  Maximum  Mean  Normal  Load 

Maximum  Mean  Normal  Load  Factor 


The  matrix  of  correlation  coefficients  for  the  nine  base  vari- 
ables is  given  in  Table  VI.  The  sign  of  the  correlation  coeffi- 
cient indicates  the  slope  of  the  regression  line.  For  the 
cyclic  stick  positions  and  the  fuselage  angular  rates,  the  sign 
of  the  correlation  coefficient  depends  on  the  convention  used 
for  the  positive  sense  of  the  measured  variable. 

The  means  and  standard  deviations  for  the  35  variables  used  in 
the  study  are  listed  in  Table  V.  The  full  35  x 35  matrix  of 
correlation  coefficients  was  computed  but  only  specific  values 
are  included  herein.  Scatter  diagrams  were  plotted  for  each 
variable  pair  and  examples  of  these  plots  (Figures  3 through  8) 
are  discussed  in  the  next  section. 


*A()  indicates  the  difference  between  the  value  of  the  variable 
at  the  time  of  maximum  mean  normal  load  and  the  value  at  the 
beginning  of  the  maneuver  record. 
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Simple  and  multiple  linear  regression  analyses  of  the  flight 
test  data  are  described  in  the  following  sections. 

SIMPLE  LINEAR  REGRESSION  ANALYSIS 


A simple  linear  regression  analysis  was  done  to  provide  a one- 
to-one  comparison  of  each  variable  pair  formed  from  the  35 
variables  listed  in  Table  V.  Although  the  results  of  this 
procedure  were  not  entirely  adequate  to  reveal  the  physical 
phenomena  involved  in  limiting  maneuvers  at  high-g  levels  for 
the  AH-1G  helicopter,  several  observations  can  be  made  on  the 
basis  of  these  results. 


The  mean  and  standard  deviation  are  measures  of  the  average 
value  and  dispersion  of  the  variable  about  that  average.  Since 
the  sample  covers  the  spectrum  of  AH-1G  high-g  maneuvers,  the 
mean  gives  the  average  value  of  the  variable  to  be  expected  in 

such  maneuvers.  The  standard  deviation,  s^,  of  the  jfcl1  variable 

is  a measure  of  the  "bandwidth"  of  that  variable  about  the  mean 


value,  x..  If  the  distribution  is  normal,  or  nearly  normal, 


then  68  percent  of  the  values  of  the  variable  lie  within  one 
standard  deviation  of  the  mean  (x^  ± s^)  and  95  percent  of  the 

values  lie  within  two  standard  deviations  of  the  mean  (x . ± 2s . 

3 3 

For  all  distributions,  normal  or  otherwise,  s.  is  a measure  of 


the  dispersion  of  the  variable  about  its  mean.  For  example, 
the  maximum  mean  normal  load  factor  encountered  in  the  test 
data  has  a mean  value  of  1.76g  and  a standard  deviation  of 
0.39g  (Table  V).  The  sample  data  for  maximum  mean  normal  load 
factor  varied  from  1.19g  to  2.61g. 


Table  V shows  near  zero  mean  values  for  roll  and  yaw  rates 
(variables  27  through  30),  indicating  a near  equal  proportion  of 
left  and  right  turns  together  with  symmetric  maneuvers.  The 
scatter  diaqram  of  maximum  roll  rate  versus  the  maximum  mean 
normal  load  shows  roll  rates  clustered  about  zero  with  a few 
large  magnitude  values  (Figure  3).  These  large  values  result 
in  a maximum  roll  rate  standard  deviation  of  15.6  degrees/ 
second.  The  scatter  diagram  for  maximum  yaw  rate  versus  maximum 
mean  normal  load  does  not  show  clustering  about  zero,  but  rather 
an  almost  equal  density  dispersion  from  -15  degrees/second  to 
+15  degrees/second  (Figure  4). 


Variable  12,  A (Engine  Torque  Pressure),  gives  a measure  of  the 
difference  between  power  required  at  the  time  of  maximum  mean 
normal  load  factor  and  that  required  at  the  beginning  of  the 
maneuver  record.  The  .low  mean  value  and  significant  standard 
deviation  show  that  power  required  sometimes  went  up  and  some- 
times went  down  for  the  maneuvers.  The  scatter  diaqram  of  this 
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variable  versus  the  maximum  mean  normal  load  (Figure  5)  shows 
a cluster  of  zero  values  and  considerable  dispersion.  Attempts 
to  relate  these  variations  to  other  measured  quantities  are 
further  discussed  in  the  next  section. 

2 

The  square  of  the  simple  correlation  coefficient,  r,  , gives 

th 

the  variation  m the  k variable  associated  with  the  variation 

in  the  p variable,  with  no  consideration  taken  of  any  varia- 
tion in  the  other  variables.  For  example,  if  r.  = -0.21470, 

2 

then  r,  - 0.0461,  which  means  that  4.6  percent  of  the  variation 

Kp 

in  variable  k is  explained  by  the  variation  of  variable  p.  When 
several  variables  are  interrelated,  the  simple  correlation  co- 
efficients between  the  pairs  may  be  misleading.  A correlation 

2 

coefficient  r..  such  that  r. . is  near  one  may  indicate  that 
i]  id  * 

x^  and  Xj  are  two  similar  quantities , or  that  there  is  a formal 

linear  relationship  between  the  two,  or  that  some  other  func- 
tional relation  exists. 

Data  are  included  for  pairs  of  variables  such  that  one  repre- 
sents the  value  of  the  quantity  measured  at  the  time  of  occur- 
rence of  maximum  mean  load  factor  and  the  other  represents  the 
maximum  value  of  the  quantity  observed  during  the  maneuver. 

A list  of  pairs  of  variables  representing  such  similar  quantities 
and  the  correlation  coefficient  for  each  pair  follows : 


Variable 

Correlate  on 

Numbers 

Variable 

Coefficient 

2 

and 

3 

Oscillatory  Copilot  Vertical  Accelera- 
tions 

0.90 

4 

and 

5 

Oscillatory  Main  Rotor  Pitch  Link 
Axial  Forces 

0.93 

10 

and 

11 

Engine  Torque  Pressures 

0.95 

13 

and 

14 

Oscillatory  Main  Rotor  Chordwise  Bending 
Moments,  Station  135 

0.82 

15 

and 

16 

Oscillatory  Longitudinal  Cyclic  Stick 
Forces 

0.95 

17 

and 

18 

Oscillatory  Lateral  Cyclic  Stick  Forces 

0.81 

25 

and 

26 

Pitch  Rates 

0.86 

27 

and 

28 

Roll  Rates 

0.85 

29 

and 

30 

Yaw  Rates 

0.96 

15 


The  pairs  were  included  in  the  data  set  because  it  was  not  known 
in  advance  whether  a significant  difference  would  be  found. 

The  results  show  that  there  are  differences  although  the  corre- 
lation coefficients  are  high.  Generally, 

r2,i  * r3,i>  etC- 

for  the  pairs.  That  is,  the  components  of  a pair  are  not 
statistically  the  same. 

The  formal  linear  relationship  between  the  referred  thrust 
(maximum  mean  normal  load  divided  by  the  density  ratio)  and 
the  disc  loading  (variables  32  and  33)  leads  to  a correlation 
coefficient  of  one.  Variables  related  in  this  manner  are  sta- 
tistically identical  and  result  in  the  equalities 

r32,i  = r33,i 

Accurate  evaluation  of  main  rotor  rpm  at  the  time  of  maximum 
mean  normal  load  factor  from  the  flight  test  records  was  not 
possible  and  a nominal,  constant  value  of  324  rpm  was  used. 

This  caused  the  calibrated  airspeed  and  advance  ratio  (variables 
23  and  34)  to  be  statistically  identical.  These  duplicates  were 
taken  into  account  in  the  evaluation  discussed  under  multiple 
regression  analysis. 

The  maximum  mean  normal  load  factor  (variable  35)  is  defined 
as  maximum  mean  normal  load  (variable  1)  divided  by  gross  weight. 
The  flight  tests  were  flown  at  three  different  gross  weights, 
resulting  in  a scatter  diagram  for  this  pair  (variables  1 and 
35)  consisting  of  three  straight-line  groups  of  points  (Figure 

6)  and  in  a correlation  coefficient  of  0.88.  In  the  scatter 
diagram  for  referred  thrust^ variables  32)  and  maximum  mean 
normal  load  factor  (variable  '35)  the  variations  in  density 
ratio  as  well  as  gross  weight  contribute  to  the  scatter  (Figure 

7) .  For  this  pair  of  variables  the  correlation  coefficient  is 
0.82. 

As  would  be  expected,  the  correlation  coefficient  for  the  re- 
ferred thrust  and  collective  pitch  (variables  32  and  22)  is 
significantly  high  at  0.64.  The  scatter  diagram  for  these 
variables  is  given  in  Figure  8.  However,  neither  the  longi- 
tudinal cyclic  stick  position  at  maximum  mean  normal  load 
(variable  6)  nor  the  difference  in  longitudinal  stick  position 
at  the  beginning  of  the  maneuver  and  at  the  time  of  maximum 
normal  load  (variable  7)  show  significant  correlation  with  the 
referred  thrust.  The  highest  correlation  coefficient  for  the 
longitudinal  cyclic  stick  differential  (variable  7)  is  observed 
when  it  is  paired  with  pitch  rate  (0.30). 
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The  specific  cause-effect:  or  input-output  connections  relat 
to  maneuver  limits  are  principally  the  oscillatory  loads  as 
functions  of  thrust,  power,  forward  speed,  control  positions, 
and  fuselage  angular  rates. 

The  most  complete  set  of  variables  available  for  this  comparison 
are  those  measured  at  the  time  of  maximum  normal  load  factor. 

The  maximum  normal  load  factor  and  the  referred  thrust  are 
included  as  separate  variables  in  the  group  of  "cause"  or 
independent  variables  since  their  correlation  coefficients  are 
different.  The  independent  variables  considered  are: 


Variable  Number 


Variable 


Longitudinal  Cyclic  Stick  Position 
Lateral  Cyclic  Stick  Position 
Collective  Stick  Position 
Engine  Torque  Pressure 


Referred  Thrust 


Mean  Normal  Load  Factor 
Pitch  Rate 


Roll  Rate 


Yaw  Rate 


Advance  Ratio 


The  dependent  variables  considered  are: 


Variable  Number 


Variable 

Oscillatory  Copilot  Vertical  Acceleration 
at  the  time  of  Maximum  Mean  Normal  Load 

Oscillatory  Main  Rotor  Pitch  Link  Axial 
Force  at  the  time  of  Maximum  Mean  Normal 
Load 

Oscillatory  Main  Rotor  Chordwise  Bending 
Moment,  Station  135,  at  the  time  of  Maxi- 
mum Mean  Normal  Load  Factor 
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Oscillatory  Longitudinal  Cyclic  Stick 
Force  at  the  time  of  Maximum  Mean  Normal 
Load  Factor 

17  Oscillatory  Lateral  Cyclic  Stick  Force 

at  the  time  of  Maximum  Mean  Normal  Load 
Factor 


The  Student-t  test  is  used  to  test  the  hypothesis  that  the 
correlation  coefficient  is  significantly  different  from  zero. 
For  a given  correlation  coefficient,  r^j , and  number  of  obser- 
vations, M j , the  value  of  t is  computed  as 


t 


comp 


If  the  computed-t  value  is  greater  than  the  value  of  t in  the 
Student-t  distribution  for  a given  probability,  p,  and  (Mj-2) 

degrees  of  freedom,  then  the  probability  that  r^^  is  not  signi- 
ficantly different  from  zero  is  less  than  or  equal  to  p.  There 
were  a total  of  121  observations  of  test  data  available  for 
this  analysis.  For  a probability  of  5 percent  that  the  true 
value  of  the  correlation  coefficient  is  not  significantly  dif- 
ferent from  zero  and  with  Mj  = 121,  the  tabulated  value  of  t 

is  1.64  (Reference  7).  Then  if  t is  greater  than  1.64, 

comp 

there  is  at  least  a 95-percent  probability  that  the  correlation 
coefficient  is  significantly  different  from  zero.  The  values 
of  r^  for  which  tcomp  is  greater  than  1.64  are  found  by  solving 

the  inequality 


1^1 


1.64 


Whence  lrijl  “ 0.15 

Table  VII  gives  the  correlation  coefficients  which  are  greater 
than  0.15  for  the  variable  listed  above. 

The  correlation  coefficients  in  Table  VII  suggest  that  the 
cyclic  stick  position,  engine  torque  prjssure,  and  mean  normal 
load  are  the  most  significant  parameters  in  predicting  fuselage 
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vibration.  For  the  oscillatory  main  rotor  pitch  link  axial 
force,  the  collective  stick  position,  referred  thrust  and  mean 
normal  load  predominate.  Collective  stick  position  and  mean 
normal  load  also  dominate  in  the  case  of  the  oscillatory  main 
rotor  chordwise  bending  moments.  The  results  are  inconclusive 
for  the  oscillatory  cyclic  stick  forces.  The  significance  of 
the  relationships  between  the  dependent  and  independent  variables 
is  considered  further  in  the  discussions  of  multivariable  analy- 
sis. 


MULTIPLE  REGRESSION  ANALYSIS 


Since  the  set  of  data  acquired  for  this  study  relates  output 
variables  to  several  input  variables,  multiple  regression 
analysis  is  probably  a better  statistical  approach  than  one- 
to-one  considerations.  The  analysis  consists  of  developing  a 
linear  function  of  the  several  independent  variables  to  approxi- 
mate the  dependent  variable. 

The  set  of  standard  normal  variables,  X^,  obtained  from  the 
variables,  x^,  given  in  Table  V,  by  the  relationship 


Xi  = 


Xi  - xi 


has  the  same  correlation  coefficient  matrix  as  the  original 
set.  Furthermore,  the  may  be  employed  in  an  equation  for 

the  regression  plane  for  the  case  of  several  variables  as 

y ' _ R12  y R13  y Rlk  y 

A1  “ R^J  A2  " R^Y  3 " * ’ * R^Y  k 


where  indicates  the  approximation  to  X-^  from  the  regression 
plane  and  the  R^  are  the  cofactors  of  R,  the  correlation  coeffi- 
cient matrix.  The  coefficients  in  the  equation  are  called  co- 
efficients of  partial  regression  and  are  interpreted  as  the 
average  change  in  the  dependent  variable  associated  with  a unit 
change  in  the  particular  independent  variable.  These  coeffi- 
cients are  denoted  thus: 


mii  = - ir2 

11 


Note  that  m • • ^ m... 
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Table  VIII  gives  the  coefficients  of  partial  regression  for  the 
standard  normal  variables  corresponding  to  the  variables  listed 
in  Table  VII.  The  coefficient  itk  j may  be  compared  directly 

since  the  X^'s  have  unit  standard  deviations. 

Thus,  the  predominant  elements  in  approximating  the  dependent 
variable  from  the  regression  plane  are  revealed.  Generally, 
the  tabulation  shows  that  vibration  levels  increase  with  advance 
ratio  and  with  lateral  cyclic  stick  position  to  the  left  of 
neutral.  In  addition,  oscillatory  main  rotor  pitch  link  axial 
force  is  a strong  function  of  referred  thrust,  and  the  oscil- 
latory main  rotor  chordwise  bending  moments  are  highly  sensitive 
to  collective  stick  position.  The  oscillatory  loads  are  only 
slightly  dependent  on  roll  and  yaw  rate  while  the  fuselage  vi- 
brations, as  measured  by  the  oscillatory  copilot  vertical  ac- 
celeration, appear  to  decrease  with  increasing  pitch  rate. 
Indications  from  Table  VIII  of  the  effects  of  longitudinal 
cyclic  stick  position,  engine  torque  pressure  and  mean  normal 
load  factor  on  vibration  are  somewhat  ambiguous. 

A quantity  which  is  closely  allied  to  the  coefficient  of  partial 
regression  is  the  partial  correlation  coefficient. 


rij  .kl. . .’ 


Ru 


This  is  the  correlation  coefficient  between  and  Xj  when  the 
remaining  variables  X^,  X^,  ...,  are  held  fixed. 

The  values  of  the  partial  regression  coefficient  range  from  -1.0 
to  1.0.  The  significance  of  this  parameter  is  determined  by 
use  of  the  z-test,  in  which  the  partial  regression  coefficient 
is  transformed  to  a variable  ranging  from  -00  to  +“  with  a zero 
mean.  The  transformation  is 

z - 7 ln  (1-r  " T 

The  standard  deviation  of  the  transformed  variable  is 


a = 
z 


To  establish  the  confidence  levels  for  the  partial  correlation 
coefficients,  the  standard  deviation  is  revised  to 


°z 


v/  n-3-k 

where  k is  the  number  of  independent  variables  (Reference  8) 
For  the  variables  in  question. 


o = 


Z ■J  65-3-10 
Further,  the  statistic 

z - C 


= 0.139 


Z = 


H 


has  the  standard  normal  distribution  when  C,  the  actual  mean 
of  the  z-distribution,  is  equal  to  CH»  the  hypothetical  mean 

(Reference  8).  To  test  the  hypothesis  that  there  is  cor- 
relation of  x.  with  x.,  take  *=  0. 

i ] H 

Since  Z is  a standard  normal  variable  (Reference  8),  95  percent 
of  the  distribution  lies  within  1.96  standard  deviations  of  the 
mean.  The  critical  value  of  r-  • for  the  5-percent  con- 
fidence level  is  found  from  ^ * * * * 


1 

1 


Whence 


1+rii 

ln  r-rgff"  * zcrit  ■ LM  •,  ■ 0,272 
rij.kl...  = 0,265 


Therefore,  only  those  values  of  r-  . 


i j .kl. . . 

retained  in  the  results  listed  as  Table  IX. 


greater  than  0.265  are 


Most  of  the  obser- 


vations made  in  discussing  the  m.  . hold  for  the  r.  . . . . How- 

1]  1] • Kl • • • 

ever,  note  that  longitudinal  cyclic  stick  position,  engine 
torque  pressure,  and  mean  normal  load  factor  show  no  signifi- 
cant correlation  with  any  of  the  five  vibration  variables. 
Furthermore,  oscillatory  cyclic  stick  forces  do  not  correlate 
with  any  of  the  selected  input  variables  to  a significant  level. 
The  strongest  relationships  are: 
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Oscillatory  Copilot  Vertical 
Acceleration 

Oscillatory  Main  Rotor  Pitch 
Link  Axial  Force 

Oscillatory  Main  Rotor  Chord- 
wise  Bendinq  Moment,  Station 
135 


Lateral  Cyclic  Stick  Position 


Maximum  Mean  Normal  Load, 
Advance  Ratio 

Collective  Stick  Position, 
Advance  Ratio 


MULTIPLE  CORRELATION  COEFFICIENTS 

The  coefficient  of  multiple  correlation  is  computed  and  inter- 
preted in  a manner  similar  to  the  simple  correlation  coeffi- 
cient. However,  the  standard  error  of  estimate  used  is  derived 
from  the  multiple  regression  equation.  The  interpretation  of 
the  coefficient  of  multiple  correlation  is  most  clear  when  it 
is  given  in  terms  of  the  coefficient  of  multiple  determination, 
which  is  just  its  square.  If  is  the  dependent  variable  and 

Xj,  x^,  ...  are  the  independent  variables,  the  coefficient  of 

multiple  determination  can  be  expressed  as 


r2 

i. jkl. . . 


associated  variation 
total  variation 


Thus  R7  . , is  a measure  of  the  usefulness  of  the  regression 

1. jkl . . . 

plane  for  estimating  purposes  (Reference  8). 

Coefficients  of  determination  were  calculated  using  program 
JRSW03  (see  Appendix  I)  for  the  variable  combinations  considered 

2 2 

previously.  This  program  is  capable  of  computing  R^  2 • 23' 

etc.  That  is,  the  ratio  of  variation  of  x^  associated  with 

x2  to  the  total  variation  of  x^  is  computed  first,  then  the 

ratio  of  the  variation  in  x-^  associated  with  x0  and  x^  to  the 

total  variation  in  x, , and  so  on  through  the  specified  list  of 

input  variables.  Further,  the  variables  are  taken  in  the  order 
of  their  contribution  to  the  coefficient  of  multiple  determina- 
tion. These  cumulative  coefficients  of  determination  are  listed 
in  Table  X. 

The  relationships  indicated  by  the  multiple  correlation  coeffi- 
cients are  essentially  the  same  as  those  found  by  use  of  the 
partial  correlation  coefficients  except  for  the  role  of  pitch 

2 

rate.  The  maximum  contribution  of  pitch  rate  to  any  R.  . , , 

1 • ]K1 . • • 
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is  3 percent  when  it  is  taken  with  the  oscillatory  copilot 
vertical  acceleration.  The  strong  relationships  previouslv 
noted  appear  again,  and  the  weakness  of  correlation  with  cyclic 
stick  forces  persists. 

OBSERVATIONS  ON  THE  STATISTICAL  ANALYSIS  OF  FLIGHT  TEST  DATA 

Several  factors  can  be  considered  to  enhance  and  extend  the 
analysis  of  flight  test  data  by  statistical  methods  for  the 
purpose  of  discovering  or  determining  relationships  among  vari- 
ables. h primary  consideration  is  the  connection  between  the 
test  plan  and  performance  and  the  analytical  objectives.  The 
desiqn-of-experiment  concept  indicates  a critical  relationship 
when  statistical  methods  are  to  be  applied  to  the  data.  A 
change  in  objectives  generally  requires  a change  in  the  test 
plan  and  new  objectives  stated  after  the  fact  may  not  be 
achieved . 

Data  acquisition  is  part  of  the  general  test  plan  and  perfor- 
mance, but  is  sufficiently  important  to  deserve  further  dis- 
cussion. At  the  present  time,  flight  test  data  recorded  on 
magnetic  tape  in  a format  accessible  to  data  processing  pro- 
grams is  essential  for  extensive  statistical  analysis.  Control 
over  identification  and  accuracy  cannot  otherwise  be  maintained. 

Better  methods  for  analyzing  data  should  be  used.  Multiple 
linear  regression  analysis  as  employed  in  this  study  may  yield 
improved  information  with  a broader  data  base.  Possibilities 
of  polynomial  or  functional  linear  analysis  should  be  explored. 
Statistical  methods  can  be  used  with  data  from  the  entire  flight 
spectrum  to  clarify  relationships  between  variables  and  to 
determine  the  reliability  of  test  information. 
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SIMULATED  MANEUVERS 


Helicopter  maneuverability  can  be  studied  from  the  point  of 
view  of  several  disciplines  and  for  various  reasons.  One 
approach  is  to  study  a large  body  of  flight-test  data  in  order 
to  determine  the  significant  variables  affecting  maneuverabil- 
ity, as  has  been  done  in  this  effort.  Another  approach  would 
be  to  simulate  maneuvers  on  a computer  and  to  examine  the 
interdependency  of  the  variables  in  the  calculated  maneuvers. 

The  simulations  can  use  a simplified  analytical  model,  such  as 
those  based  on  the  concept  of  energy  maneuverability  (Refer- 
ences 9 through  12),  or  a complex  model,  such  as  that  of  the 
Rotorcraft  Flight  Simulation  Program  C81  (References  13  and 
14).  The  C81  analytical  model  has  been  used  to  simulate  high-g 
maneuvers  to  supplement  the  flight  test  maneuver  data.  A de- 
scription of  the  program  inputs  and  sample  level  flight  cor- 
relation cases  are  given  in  Appendix  II. 

A series  of  fixed-collective  symmetric  pullups  has  been  simu- 
lated to  determine  the  thrust  levels  at  which  certain  maneuver 
limiting  phenomena  occur.  The  pullups  were  simulated  at  seven 
different  advance  ratios  using  the  same  helicopter  configura- 
tion. At  a given  advance  ratio,  different  maximum  mean  normal 
load  factors  were  achieved  by  varying  the  rate  at  which  the 
longitudinal  cyclic  stick  position  was  changed. 

The  AH-1G  configuration  chosen  for  this  study  had  a gross 
weight  of  7477  pounds,  an  aft  center  of  gravity  and  no  wing 
stores.  The  inertia  properties  of  this  configuration  are  well 
known  and  the  rotor  loads  computed  for  the  lightweight  con- 
figurations compare  favorably  with  those  measured  in  flight 
(see  Appendix  II,  flights  34-A  and  280-A) . The  center-of- 
gravity  waterline  was  taken  at  68.0  inches  for  the  symmetric 
pullups  because  it  was  the  value  used  for  the  simulation  of 
flights  277  and  280.  In  addition,  contractor  experience  with 
symmetric  pullup  simulations  has  shown  that  the  highest  values 
of  CT/o  are  reached  with  the  light  gross  weight,  aft  center-of- 

gravity  configuration. 

The  entry  conditions  for  the  seven  sets  of  maneuvers  are  given 
in  Table  XI.  Operational  fixed-collective  maneuvers  are  en- 
tered by  diving  from  level  flight  cruise  at  a power  setting  of 
approximately  34  psi.  This  corresponds  to  a level  flight 
cruise  speed  of  about  132  knots  (y  = 0.30)  and  a collective 
stick  position  of  27  percent  for  the  configuration  used  in  this 
study.  For  true  airspeeds  in  excess  of  132  knots,  a rate  of 
sink  was  chosen  that  gave  about  the  same  collective  stick  posi- 
tion. An  autorotational  (zero  main  rotor  horsepower)  entry  was 
used  for  airspeeds  less  than  132  knots.  (It  is  noted  in  Table  XI 


24 


that  a small  amount  of  engine  horsepower  remained  even  at  zero 
root  collective  for  the  autorotational  entry  maneuvers.  The 
horsepower  required,  though,  was  effectively  zero.) 

FIXED  COLLECTIVE  SYMMETRIC  PULLUPS 

The  maneuver  simulations  were  conducted  to  determine  the  value 
of  C T/o  at  which  the  onset  of  retreating  blade  stall  occurs, 

as  a function  of  advance  ratio.  In  addition,  the  simulation 
data  were  used  to  establish  the  thrust  levels  at  which  the 
maximum  continuous  engine  horsepower  and  steady  transmission 
torque  rating  were  exceeded.  The  flapping  stop  and  cyclic 
force  feedback  limits  were  found,  where  the  information  was 
available.  Finally,  a control  system  fatigue  limit  (based  on 
the  oscillatory  pitch  link  axial  force)  and  the  absolute  aero- 
dynamic limit  were  determined. 

For  teetering  rotors,  the  onset  of  retreating  blade  stall  is 
accompanied  by  a sharp  increase  in  oscillatory  main  rotor  root 
chordwise  bending  moments.  For  a given  advance  ratio,  the 
thrust  level  at  which  retreating  blade  stall  becomes  evident  is 
determined  from  a plot  of  the  oscillatory  chordwise  bending 
moment  versus  C T/o.  As  shown  in  Figure  9,  significant  retreat- 
ing blade  stall  is  signalled  by  the  change  in  slope  ("knee")  at 
a C y/a  of  0.142.  It  should  be  noted  that  the  chordwise  bending 

moment  at  this  point,  100,000  inch-pounds,  is  well  below  the 
structural  limits  of  the  blade.  For  example,  a continuous  os- 
cillatory load  of  335,000  inch-pounds  at  the  root  corresponds  to 
to  a fatigue  life  of  about  one  million  cycles.  The  line  indi- 
cating the  onset  of  retreating  blade  stall,  as  defined  by  the 
knee  in  the  chordwise  bending  moment  curves  for  several  advance 
ratios,  and  the  one  million  cycle  fatigue-life  line,  are  given 
in  Figure  10.  (The  fatigue-life  line  was  determined  by  extrap- 
olation from  the  computed  loads  and  the  loads  were  too  small  at 
the  lower  advance  ratios  to  make  a valid  extrapolation.) 

Figure  10  also  contains  the  maximum  mean  normal  load  factor 
points  for  the  52  symmetric  pullups  of  the  flight  test  data, 
and  the  retreating  blade  stall  boundary  established  by  Gustafson 
(Reference  15).  This  boundary  was  determined  from  a series  of 
level  flight  tests  in  a particular  helicopter.  It  was  deter- 
mined that  the  effects  of  stall  were  severe,  for  that  rotor, 
when  the  retreating  blade  tip  angle  of  attack  (a^)  exceeded  the 

airfoil  stall  angle  by  4 degrees.  The  stall  band  in  Figures 
10  through  13  assumes  that  the  onset  of  retreating  blade  stall 
in  level  flight  occurs  between  ar  = 12°  and  = 16°.  The 

incipient  stall  boundary  computed  from  the  simulated  autorota- 
tional pullups  (0.15  < y < 0.25)  is  below  or  in  this  band. 
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while  the  power-on  C81  maneuvers  establish  a stall  boundary 
significantly  higher  than  the  test  data  of  Gustafson.  A small 
part  of  this  increase  is  due  to  the  beneficial  effects  of  vehi- 
cle pitch  rate,  as  explained  by  Brown  and  Schmidt  (Reference 
16),  but  it  does  not  account  for  the  entire  improvement.  Al- 
most all  the  test  points  represent  maneuvers  being  flown  well 
into  stall.  Such  highly  stalled  mareuvers  do  not  cause  flying 
qualities  problems  with  teetering  rotors  since  no  hub  moments 
are  generated  and  no  pitching  or  rolling  motion  is  induced  by 
the  rotor. 

An  increase  in  required  horsepower  and  oscillatory  pitch  link 
axial  force  also  occurs  at  the  onset  of  retreating  blade  stall, 
but  at  slightly  different  values  of  CT/o.  The  lines  defining 

the  onset  of  retreating  blade  stall  as  determined  by  these 
parameters  are  given  in  Figures  11  and  12.  (There  was  no  sharp 
increase  in  the  oscillatory  pitch  link  axial  force  at  p = 0.40.) 
The  retreating  blade  stall  band  of  Figure  13  is  the  result  of 
combining  the  three  criteria  for  the  determination  of  incipient 
retreating  blade  stall. 

The  available  shaft  horsepower  for  the  AH-1G  helicopter  is  given 
in  Reference  17.  This  maximum  continuous  engine  horsepower  is 
exceeded  for  fixed  collective  symmetric  pullups  at  thrust  levels 
above  the  line  shown  in  Figure  14.  Maneuvers  can  be  flown  in 
excess  of  the  engine  horsepower  limit,  as  the  additional  re- 
quired power  can  be  acquired  from  rate-of-sink  or  deceleration 
The  steady-state  transmission  torque  rating  is  18,380  foot- 
pounds and  is  exceeded  transiently  for  maneuvers  at  thrust 
levels  above  the  line  shown  in  Figure  15. 

The  flapping  stop  in  the  AII-1G  helicopter  is  at  ±12  degrees. 

The  stop  was  not  contacted  in  any  of  the  flight  test  maneuvers 
and  was  encountered  only  once  in  the  simulated  pullups,  at 
p = 0.40  and  CT/cr  = 0.174. 

A cyclic  force  feedback  limit  line  cannot  be  predicted  from 
the  maneuver  simulations  because  the  complex  dynamics  of  the 
rotating  and  fixed  controls  have  not  been  included  in  the 
analytical  model.  The  hydraulic  boost  system  was  purposely 
designed  to  be  reversible  above  a boost  tube  load  of  2220  pounds 
axial  force  (Reference  18  is  for  the  AH-1J  control  system,  but 
the  cyclic  boost  system  is  identical  to  that  in  the  AH-1G) . 

Any  boost  tube  load  in  excess  of  2220  pounds  will  cause  vibra- 
tion of  the  flight  control  system  to  alert  the  pilot  that  the 
severity  of  the  maneuver  should  be  decreased. 

The  oscillatory  pitch  link  axial  force  has  been  used  to  define 
the  onset  of  retreating  blade  stall.  It  is  also  used  to  deter- 
mine a fatigue  life  maneuver  limitation,  as  the  fatigue  lives 
of  ail  components  of  the  rotating  control  system  and  the  blade 
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grip  are  given  in  terms  of  this  parameter  (Reference  19).  Of 
these  components,  the  rotating  swashplate  (swashplate  outer 
ring)  has  the  lowest  reduced  endurance  limit,  with  a life  of 
9806  hours  under  a continuous  oscillatory  pitch  link  load  of 
1431  pounds.  The  thrust  levels  at  which  this  value  is  exceeded 
transiently  are  above  the  line  given  in  Figure  16.  (The  pitch 
link  load  line  between  t = 0.15  and  0.30  was  established  by 
extrapolation,  as  the  computed  pitch  link  loads  at  these  advance 
ratios  did  not  reach  1431  pounds.)  During  a maneuver  at  a C,^/a 

above  this  level,  the  pitch  link  load  will  exceed  14  3.1  pounds 
for  only  a few  cycles,  doing  a very  small  amount  of  fatigue 
damage,  so  maneuvers  can  be  flown  past  this  fatigue-life  line. 
Figure  16  also  includes  an  estimated  cyclic  force  feedback  limit, 
based  on  the  assumption  that  a 2220-pound  oscillatory  pitch 
link  axial  force  would  cause  feedback.  This  estimated  limit 
is  not  given  at  the  lower  values  of  advance  ratio  as  extrapola- 
tion from  the  low  computed  loads  would  be  unreliable. 

The  maximum  lift  capability  of  the  rotor  establishes  the  abso- 
lute aerodynamic  limit.  This  limit  has  been  determined  for 
fixed-collective  symmetric  pullups  by  increasing  the  severity 
of  the  simulated  maneuver  until  no  further  gain  in  maximum  mean 
normal  load  was  achieved.  The  limit  line  generated  by  this 
procedure  is  given  in  Figure  17.  Duhon  (Reference  5)  has 
computed  an  absolute  aerodynamic  limit  with  no  restrictions  on 
the  maneuver  type  or  control  displacements,  and  this  limit  band 
is  also  shown  in  Figure  17.  These  data  show  that  allowing 
collective  motion  significantly  improves  the  low  speed  maximum 
CT/o  capability  of  the  helicopter.  This  is  reasonable,  as 

cyclic-only  motion  in  hover  will  give  no  significant  increase 
in  normal  load  factor. 

ABSOLUTE  AERODYNAMIC  LIMIT  CONTOUR  PLOTS 

The  absolute  aerodynamic  limit  is  reached  when  the  rotor  is 
operating  at  the  highest  average  C (which  is  GC^/o  - Reference 

20).  For  the  fixed  collective  symmeti ic  pullups  simulated,  the 
average  at  the  absolute  aerodynamic  limit,  Figure  17,  is  as 
follows*. 


Advance  Ratio 

0.15 

0.58 

0.20 

0.70 

0.25 

0.8  3 

0.30 

0.95 

0.325 

0,99 

0.35 

1.0  6 

The  maximum  average  observed  in  the  flight  test  symmetric 
maneuvers  is  about  1.01  over  the  whole  range  of  advance  ratios. 

To  get  these  high  values  of  CT  with  the  amount  of  cyclic  pitch 

Li 

involved  in  the  simulated  maneuvers,  the  rotor  blade  elements 
will  have  to  be  operating  at  values  of  c^  greater  than  CL  over 

a significant  portion  of  the  disc.  Computer  generated  contour 
plots  of  have  been  used  to  determine  the  proportion  of  the 

rotor  disc  in  which  high  values  of  c^  are  obtained.  Angle-of- 

attack  contour  plots  were  also  used  to  determine  the  amount  of 
stall  associated  with  the  high  value  of  c^. 

Contour  plots  for  the  unaccelerated  entry  condition  (CT/a  = 

0.057,  CL  = 0.40)  were  used  to  establish  the  baseline  data  for 

each  advance  ratio.  High  values  of  ( > 1 . 0 ) are  observed 

over  about  five  percent  of  the  disc  area  just  outside  the  re- 
verse flow  region  (Figure  18)  for  the  autorotational  entries, 
centered  along  an  azimuth  of  240  to  250  degrees.  Reference  to 
angle-of-attack  contour  plots  (Figure  19)  shows  that  there  is 
a very  small  region  of  stall  (a>12.0  degrees)  at  the  edge  of 
the  reverse  flow  region  at  azimuth  angles  between  240  and  300 
degrees.  The  contour  plots  for  the  power-on  entry  conditions 
show  very  small  regions  of  high  c^  within  the  reverse  flow 

region  and  no  regions  of  stall,  as  the  angle  of  attack  over  the 
whole  disc  is  less  than  9 degrees  and  it  is  less  than  6 degrees 
on  the  advancing  side. 

At  the  absolute  aerodynamic  limit  (i.e.,  at  ':he  time  of  maximum 
mean  normal  load  factor)  for  the  autorotatio lal  pullups,  the 
region  of  high  lift  coefficients  has  shifted  aft  (centered 
along  an  axis  at  360  degrees)  and  grown  slightly  larger  (Figure 
20).  The  lift  coefficients  are  significantly  larger  over  the 
whole  disc.  The  angle-of-attack  contour  plots  (Figure  21)  show 
a large  increase  in  the  stalled  area  on  the  disc.  In  trim,  the 
stalled  area  was  less  than  5 percent  of  the  disc  area,  while  at 
the  absolute  aerodynamic  limit,  between  15  percent  (p  = 0.15) 
and  25  percent  (m  = 0.25)  of  the  disc  area  was  stalled. 

Larger  regions  of  high  lift  coefficients  exist  at  the  absolute 
aerodynamic  limit  for  the  power-on  maneuvers  (Figure  22),  with 
the  blade  operating  at  values  of  c^  >1.0  over  20  to  25  percent 

of  the  disc.  The  coefficient  of  lift  has  increased  by  a value 
of  approximately  0.5  over  the  whole  rotor  disc,  compared  with 
the  values  in  unaccelerated  flight.  The  angle-of-attack  con- 
tour plots  (Figure  23)  give  additional  information,  as  the 
stall  angle  is  exceeded  over  at  least  30  percent  of  the  disc 


28 


area.  The  maximum  value  of  C T/a  observed  for  the  simulated 

maneuvers  was  0.196  at  y = 0.40.  The  angle-of -attack  contour 
plot  for  this  condition  (Figure  23d)  shows  that  the  blade  is 
stalled  over  65  percent  of  the  disc.  There  are  large  regions 
in  which  the  angle  of  attack  is  very  large,  indicating  deep 
stall.  Therefore,  0.196  is  about  the  maximum  value  of  C_/o 
that  can  be  achieved  by  this  rotor. 

STATISTICAL  ANALYSIS  OF  C81  DATA 


The  simulated  fixed-collective  symmetric  pullups  provide  a 
data  base  of  64  maneuvers  for  statistical  analysis.  The  values 
of  14  variables  at  the  time  of  occurrence  of  maximum  mean  nor- 
mal load  were  analyzed  in  the  same  manner  as  the  flight  test 
data.  Corresponding  C81  variables  are  available  for  seven  of 
the  nine  basic  flight  test  variables  investigated.  The  oscil- 
latory normal  load  factor  from  C81  replaces  the  measured  os- 
cillatory copilot  vertical  acceleration,  and  stick  forces  are 
not  computed.  The  matrix  of  simple  correlation  coefficients 
for  these  variables  is  given  in  Table  XII.  This  matrix  cor- 
responds to  the  one  for  test  data  given  in  Table  VI. 

The  strongest  relationships  indicated  by  these  coefficients 
are: 


Oscillatory  CG  Vertical  Acceleration  with  Oscillatory 
Main  Rotor  Chordwise  Bending  Moment 

Oscillatory  Main  Rotor  Pitch  Link  Axial  Force  with 
A (Lateral  Cyclic  Stick  Position),  Engine  Torque  Pressure, 
and  Oscillatory  Main  Rotor  Chordwise  Bending  Moment 

Mean  Normal  Load  Factor  with  A (Cyclic  Stick  Positions) 

The  Student-t  test  has  been  applied  to  the  correlation  coeffi- 
cients. For  64  observations,  there  is  a 95-percent  probability 
that  the  value  of  the  correlation  coefficient  is  significantly 
different  from  zero  if  its  magnitude  is  greater  than  0.20. 

Table  XIII  gives  the  correlation  coefficients  greater  than  this 
value  relating  oscillatory  variables  to  control  positions, 
engine  torque  pressure,  maximum  mean  normal  load  factor,  fuse- 
lage angular  rates,  and  advance  ratio.  These  results  may  be 
compared  to  those  given  in  Table  VII.  The  C81  data  show  much 
stronger  correlation  of  oscillatory  variables  with  change  in 
cyclic  stick  position  at  the  time  of  maximum  g.  Also  the  yaw 
rate  is  only  weakly  correlated  with  these  oscillatory  variables. 
The  coefficients  are  generally  much  larger  than  those  for  the 
test  values  in  Table  VII. 
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Multiple  regression  analysis  was  carried  out  for  the  C81  data 
in  the  sane  manner  as  for  the  test  data.  For  partial  correla- 
tion, there  is  95-percent  certainty  that  the  value  of  the 
coefficient  is  significantly  different  from  zero  if  its  magni- 
tude is  greater  than  0.26j.  The  partial  correlation  coeffi- 
cients exceeding  0.265,  which  were  computed  for  the  variables 
previously  considered  in  Table  IX  are  qiven  in  Table  XIV. 

The  results  show  that  the  role  of  engine  torque  pressure  is 
much  greater  than  was  indicated  by  the  simple  correlation 
coefficients.  The  following  relationships  predominate: 

Oscillatory  CG  Vertical  Acceleration  with  Engine 
Torque  Pressure,  Pitch  Rate,  and  Roll  Rate 

Oscillatory  Main  Rotor  Pitch  Link  Axial  Force  with 
Engine  Torque  Pressure  and  Advance  Ratio 

Oscillatory  Main  Rotor  Chordwise  Bending  Moment  with 
Engine  Torque  Pressure,  Roll  Rate,  and  A (Longitudinal 
Cyclic  Stick  Position) 

CumuJative  coefficients  of  determination  were  computed  for  the 
oscillatory  variables.  Results  are  shown  in  Table  XV  for  the 
four  most  effective  independent  variables  and  for  the  entire 
group.  These  figures  indicate  substantially  the  same  connec- 
tions as  listed  for  the  partial  correlation  coefficient  re- 
sults. Again  the  levels  of  correlation  are  much  higher  for 
the  C81  uatct  than  for  corresponding  quantities  from  the  flight 
test  data.  Here  80  percent  or  more  of  the  variation  in  the 
oscillatory  variables  is  associated  with  variations  in  the 
listed  independent  variables. 

Higher  valves  of  correlation  coefficients  were  expected  from 
the  C81  data  than  from  the  test  data  since  the  computer  program 
is  based  on  many  functional  relationships.  However,  the  vari- 
ables used  in  the  multiple  regression  analysis  are  not  the 
entire  set  which  influences  results.  For  instance,  the  remain- 
ing 17  percent  (or  less)  variation  in  fuselage  vibration  may 
involve  variations  in  fuselage  attitude  relative  to  the  flight 
path.  Fu'ther,  the  various  nonlinear  effects  may  bias  the 
analysis,  even  over  a relatively  limited  speed  range. 

SIMULATION  OF  FLIGHT  TEST  MANEUVERS 


Maneuvers  sim 
AH-1G  flight 
of  maneuver, 
given  in  Tab! 
775  and  S40), 
were  input  an 
by  the  C81  an 
left  rolling 


ilar  to  the  three  most  severe  maneuvers  in  the 
test  data  have  been  simulated  with  C81.  The  type 
aircraft  configuration  and  entry  conditions  are 
e XVI.  For  the  autorotational  pullups  (counters 
the  collective  and  longitudinal  cyclic  motions 
d the  lateral  cyclic  and  pedal  were  controlled 
topi  lot.  /ill  control  motions  were  input  for  the 
pullout  maneuver  of  counter  740. 
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The  first  1.5  seconds  of  the  flight  test  record  for  counter  775 
consists  of  unaccelerated  autorotational  flight,  so  this  por- 
tion of  the  maneuver  was  not  included  in  the  simulation  to 
conserve  computer  time.  The  flight  test  and  simulated  time 
histories  for  this  maneuver  are  given  in  Figure  24.  The  normal 
load  factor  traces  are  identical  until  the  time  of  maximum 
normal  load  factor.  The  simulated  maneuver  came  close  to  the 
flight  test  value  of  maximum  normal  load  factor,  but  could  not 
quite  reach  it.  The  shapes  of  the  two  time  histories  are  similar 
through  the  high-g  portion  of  the  maneuver. 

The  pitch  attitude  trace  shows  that  the  simulated  aircraft  and 
flight  test  article  were  not  at  exactly  the  same  entry  condition 
for  the  maneuver.  As  the  simulation  progressed,  the  two  traces 
are  very  close  together  and  both  show  an  almost  zero  pitch  rate 
at  the  time  of  maximum  mean  normal  load  factor.  The  flight 
test  longitudinal  cyclic  position  given  in  the  figure  is  the 
sum  of  both  the  cyclic  stick  and  longitudinal  cyclic  SCAS  actu- 
ator position.  The  C81  simulation  did  not  use  the  SCAS  option 
in  the  program,  so  the  only  longitudinal  control  input  is  from 
the  cyclic  stick,  and  it  is  seen  that  the  longitudinal  control 
motions  agree  quite  well  over  the  latter  portion  of  the  maneu- 
ver. 

The  zero-horsepower-required  condition  of  autorotation  was  not 
reached,  as  a small  amount  of  horsepower  required  was  indicated 
at  the  collective  setting  which  gave  a rate-of-sink  similar  to 
that  recorded  in  flight.  (The  pressure  altitude  was  recorded 
by  photopanel  and  the  scatter  in  the  data  is  due  to  vibration.) 
The  C81  collective  stick  position  is  lower  than  that  measured 
in  flight,  but  C81  has  always  predicted  lower  collective  set- 
tings, as  discussed  in  Appendix  II.  What  is  important  here  is 
that  the  required  horsepower  is  effectively  zero  and  the  rate 
of  sink  is  about  the  same  as  that  measured  in  flight,  so  that 
the  actuaJ  entry  condition  has  been  closely  simulated.  Also, 
the  change  in  collective  between  4.35  seconds  and  4.8  seconds 
is  about  the  same  for  the  flight  test  and  simulated  maneuvers. 

The  true  airspeed  trace  shows  that  the  aircraft  deceleration 
has  been  matched  well.  Unfortunately,  the  recorded  data  do 
not  provide  accurate  rotor  rpm  data,  so  there  is  no  way  to 
determine  if  the  rotor  deceleration  in  the  simulation  matches 
that  of  the  flight  test  maneuver. 

The  oscillatory  main  rotor  pitch  link  axial  force  computed  by 
C81  is  greater  than  that  measured  throughout  the  maneuver,  but 
the  time  histories  have  the  same  shape.  The  computed  oscilla- 
tory chordwise  and  beamwise  bending  moments  at  station  135 
reach  their  peak  values  at  the  same  time  as  the  measured  .Loads, 
and  are  somewhat  greater  than  the  flight  test  loads.  The 


31 


low  chordwise  and  beamwise  bending  moments  at  the  beginning 
of  the  simulated  maneuver  are  due,  in  part,  to  the  difference 
in  the  entry  conditions.  The  small  discrepancies  between  the 
time  histories  throughout  the  remainder  of  the  maneuver  are 
probably  due  to  differences  in  the  rotor  dynamics  and  aero- 
dynamics. 

Total  lift  coefficient  and  angle-of-attack  contour  plots  were 
generated  during  the  simulation  of  this  maneuver.  During  the 
autorotational  entry,  the  blades  are  operating  at  high  lift 
coefficients  over  approximately  5 percent  of  the  disc,  in 
an  area  outside  the  reverse  flow  region,  between  the  azimuths 
of  150  and  360  degrees  (Figure  25).  A very  small  region  of 
stall  exists,  centered  outside  the  reverse  flow  region  at  an 
azimuth  of  270  degrees.  At  the  time  of  maximum  mean  normal 
load,  the  coefficient  of  lift  is  in  excess  of  1.0  over  approxi- 
mately 15  percent  of  the  rotor  disc,  and  angles  of  attack  in 
excess  of  the  static  stall  angle  occur  over  one-third  of  the 
disc  (Figure  26). 

The  time  histories  for  the  autorotational  pullup  of  counter  840 
are  given  in  Figure  27.  The  first  six-tenths  of  one  second  of 
the  flight  test  record  corresponds  to  unaccelerated  flight, 
which  was  not  simulated.  The  computed  mean  normal  load  factor 
trace  follows  the  measured  time  history  well.  The  initial  jump 
in  the  measured  data  seen  between  1 and  1-1/2  seconds  appears 
to  be  due  to  a gust,  as  it  is  not  accompanied  by  a high  pitch 
rate  or  a spike  in  the  measured  rotor  loads  (which  would  be 
expected  if  the  eg  acceleration  had  been  caused  by  an  increase 
in  rotor  normal  force) . The  simulated  maneuver  achieves  the 
same  maximum  mean  normal  load  factor  as  the  test  maneuver,  but 
it  is  reached  a little  earlier  than  in  flight.  The  high  mean 
normal  load  factor  could  not  be  sustained  for  as  long  a time  in 
the  simulation  as  it  was  in  flight,  but  the  normal  load  factor 
does  not  decrease  as  rapidly  as  in  the  test  data. 

The  computed  pitch  attitude  time  history  agrees  favorably  with 
the  test  data  through  the  middle  of  the  maneuver.  Again,  the 
aircraft  trimmed  in  a slightly  less  nose  down  attitude  in  the 
C81  than  in  flight.  The  computed  pitch  attitude  increases  at 
a greater  rate  than  the  measured  pitch  angle  at  and  past  the 
time  of  maximum  mean  normal  load  factor.  This  high  pitch  rate 
could  not  be  arrested,  even  though  the  forward  stick  motion 
initiated  at  3 seconds  was  at  a higher  rate  than  the  measured 
rate. 

The  collective  stick  position  for  the  autorotational  entry 
condition  in  C81  gives  the  same  rate  of  sink  as  that  measured 
in  flight  and  essentially  zero  horsepower.  The  photopanel 
data  show  the  engine  to  be  operating  in  flight  idle,  so  the 
measured  collective  stick  position  of  14  percent  may  be  in 
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error.  The  true  airspeed  time  histories  show  the  simulated 
aircraft  to  be  slowing  at  a slightly  greater  rate  than  the  ac- 
tual aircraft. 

The  oscillatory  pitch  link  axial  force  trace  coincides  with  the 
measured  time  history  until  the  beginning  of  the  collective 
flare.  The  two  traces  are  similar  through  the  maximum  mean 
normal  load  factor  portion  of  the  maneuver,  although  the  com- 
puted pitch  link  load  reaches  a higher  value  at  a later  time. 

The  computed  oscillatory  chordwise  and  beamwise  bending  moment 
time  histories  do  not  match  the  flight  test  data,  and  the  maxi- 
mum computed  loads  are  somewhat  greater  than  those  measured. 

The  large  dip  in  the  computed  time  histories  at  3.35  seconds 
is  unusual,  but  reflects  a small  drop  in  the  measured  chord- 
wise  load  and  a sharp  drop  in  the  beamwise  bending  moment  at 
3.3  seconds. 

Rotor  aerodynamic  contour  plots  were  generated  for  this  maneu- 
ver also.  During  the  unaccelerated  autorotational  entry  condi- 
tion, total  lift  coefficients  in  excess  of  1.0  are  observed 
over  approximately  10  percent  of  the  disc  in  a crescent  shaped 
area  almost  completely  surrounding  the  reverse  flow  region 
(Figure  28) . Stall  is  observed  over  approximately  5 percent 
of  the  disc  area,  just  outside  the  reverse  flow  region  at  an 
azimuth  of  270  degrees. 

At  the  time  of  maximum  mean  normal  load  factor,  values  of  c^ 
greater  than  one  are  obtained  over  about  one-quarter  of  the 
disc,  while  the  blade  is  operating  in  stall  over  at  least  three- 
quarters  of  the  disc  (Figure  29).  The  low  lift  coefficients 
observed  between  the  azimuths  of  270  and  360  degrees  are  ac- 
companied by  very  large  angles  of  attack,  indicating  that  the 
rotor  is  operating  "on  the  backside  of  the  lift  curve"  in  this 
region. 

The  time  histories  for  the  left  rolling  pullout  maneuver  (flight 
116,  counter  740)  are  presented  in  Figure  30.  The  pilot  card 
notes  that  this  was  a coordinated  turn,  and  the  mean  lateral 
acceleration  was  held  to  ±0.1  g throughout  the  simulation. 

The  computed  mean  normal  load  factor  and  roll  attitude  traces 
follow  the  measured  time  histories  very  well.  More  left  cyclic 
is  required  to  trim  the  simulated  helicopter  in  the  entry  con- 
dition than  was  measured,  but  the  lateral  cyclic  stick  motion 
generally  follows  the  motion  recorded  for  the  test  maneuver. 

The  measured  and  computed  longitudinal  cyclic  stick  position 
time  histories  agree  quite  well.  The  calculated  rate  of  sink 
matches  that  measured  in  flight  reasonably  well  and  the  true 
airspeed  trace  shows  that  the  deceleration  in  the  simulation 
was  similar  to  that  of  the  flight  test  maneuver. 
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The  computed  oscillatory  pitch  link  axial  force  is  in  good 
agreement  with  the  measured  load  for  most  of  the  maneuver  and 
is  lower  during  the  peak-g  portion  of  the  maneuver.  Correla- 
tion between  the  computed  and  measured  oscillatory  chordwise 
bending  moments  is  generally  good,  although  the  dip  in  the 
computed  time  history  at  2.5  seconds  is  not  reflected  in  the 
test  data.  This  dip  also  occurs  in  the  oscillatory  beamwise 
bending  moment  time  history,  and  coincides  with  the  decreasing 
roll  rate.  These  discrepancies  are  most  likely  due  to  differ- 
ences in  the  way  the  maneuver  was  flown,  and  it  is  possible  that 
simulated  left  turn  was  more  coordinated  than  the  flight  rest 
maneuver. 


The  contour  plots  at  the  entry  of  the  maneuver  (Figure  31)  show 
a small  region  of  high  lift  coefficients  and  no  stall.  At  the 
time  of  maximum  mean  normal  load  factor,  the  blade  .is  operating 
at  high  lift  coefficients  over  about  25  percent  of  the  disc  and 
stall  is  observed  over  70  percent  of  the  disc  area  (Figure  32). 
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MANEUVER  LIMITING  MECHANISMS 


The  designer  needs  to  understand  the  phenomena  occurring  during 
high-g  maneuvers  so  that  ways  may  be  found  to  improve  maneuver- 
ability. Cyclic  force  feedback  and  maximum  aerodynamic  thrust 
capability  have  already  been  discussed  in  detail.  The  mechanisms 
of  these  and  five  other  phenomena  have  been  investigated  and 
are  presented  here. 

The  maximum  normal  load  factor  achievable  in  a symmetric  puilup 
can  be  influenced  by  the  way  the  maneuver  is  terminated.  If 
the  puilup  ends  with  a pushover,  the  pilot  will  start  recovery 
early.  This  avoids  a low-g  pushover,  with  its  loss  of  control 
effectiveness.  Higher  normal  load  factors  can  be  attained  in 
the  puilup  if  it  is  ended  by  a right  roll  similar  to  a wing- 
over  maneuver  (Reference  3) . 

Excessive  cockpit  vibrations  can  restrict  the  crew's  ability 
to  read  the  instruments  and  control  the  aircraft.  High  vibra- 
tion levels  are  an  indication  of  stall.  The  statistical  analy- 
sis of  the  C81  data  shows  a strong  correlation  between  oscilla- 
tory normal  load  factor  and  chordwise  bending  moments,  which 
are  also  a good  indication  of  stall.  The  highest  oscillatory 
copilot  vertical  vibration  observed  in  the  test  data  occurred 
during  a banked  turn  maneuver  (counter  7,  flight  10)  at  a 
maximum  mean  normal  load  factor  of  1.39  g.  The  copilot  vertical 
acceleration  for  this  maneuver  was  harmonically  analyzed  and 
the  predominant  components  are  at  even  harmonics,  indicating 
that  the  forcing  functions  are  even  harmonic  vertical  hub  shears 
and  odd  harmonic  inplane  hub  shears. 

Rotor  stall  is  not  the  only  cause  of  high  cockpit  vibrations, 
as  banked  turns  at  load  factors  greater  than  1.39  g experienced 
less  vibration.  The  harmonic  analysis  of  the  copilot  vertical 
vibration  and  blade  bending  moments  showed  high  frequency 
components  which  are  associated  with  the  rotor  intersecting 
its  own  wake.  The  occurrence  of  wake  crossing  is  dependent 
on  the  airspeed  and  fuselage  and  rotor  angular  rates  and  is 
not  entirely  repeatable.  This  aerodynamic  effect  cannot  be 
modified,  but  a vibration  isolation  system,  such  as  pylon 
nodalization,  can  postpone  the  onset  of  cockpit  vibration  to 
higher  normal  load  factors. 

Transient  engine  torque  pressure  surges  as  large  as  15  psi  may 
be  encountered  during  maneuvers  initiated  at  high  power  settings. 
Livingston  (Reference  21)  has  shown  that  the  engine  torque 
pressure  will  tend  to  increase  whenever: 

the  rotor  pitch  rate  is  negative 
the  rotor  roll  rate  is  negative,  or 
the  cyclic  stick  moves  fen  ward 
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The  largest  engine  torque  pressure  surge,  and  the  largest 
value  of  engine  torque  pressure,  was  observed  during  the  roll 
reversal  maneuver  of  counter  820,  flight  118.  The  time  his- 
tories of  several  parameters  of  this  maneuver  are  given  in 
Figure  33.  (The  engine  torque  pressure  was  recorded  photo- 
graphically, and  the  photopanel  record  was  0.3  second  longer 
than  the  oscillograph  record  for  this  maneuver.)  Rotor  pitch 
and  roll  rate  data  are  unavailable  but  can  be  deduced  from  the 
slopes  of  the  fuselage  angular  rate  traces.  The  rotor  roll 
rate  is  negative  between  about  0.9  and  4.5  seconds.  The  posi- 
tive pitch  rate,  which  tends  to  decrease  engine  torque  pressure, 
is  overcome  by  the  negative  roll  rate, and  the  surge  begins  at 
about  2 seconds.  The  examples  used  in  Reference  21  show  that 
there  is  a time  lag  of  approximately  l second  between  the 
beginning  of  a negative  angular  rate  or  forward  stick  motion 
and  the  beginning  of  the  torque  surge.  Therefore,  the  sharp 
forward  cyclic  motion  at  about  3.6  seconds,  in  addition  to  the 
preceding  negative  roll  rate,  is  the  cause  of  the  large  torque 
pressure  surge  beginning  at  4.6  seconds. 

In  several  of  the  structural  demonstration  flight  test  maneuvers 
(Reference  4),  the  maximum  mean  normal  load  factor  achieved  was 
restricted  by  a limit  imposed  on  the  collective  pitch  change 
rate.  The  control  system  hydraulic  fluid  flow  rate  was  in- 
tentionally regulated  to  a maximum  of  1.2  gallons/minute.  (The 
cyclic  controls  have  the  same  flow  rate  limit,  but  there  is  no 
indication  in  the  flight  test  data  that  cyclic  rate  limiting  was 
encountered.)  This  corresponds  to  a collective  pitch  angle 
rate  of  29.5  degrees/second  and  a collective  stick  rate  of  123 
percent/second.  This  limitation  was  incorporated  in  the  control 
system  design  to  avoid  overstressing  the  rotor  by  the  rapid 
buildup  in  loads  accompanying  a sharp  collective  input. 

Cyclic  and  collective  control  force  feedback  is  an  additional 
control  system  design  feature  intended  to  warn  the  pilot  when 
a structural  limit  is  being  approached.  The  main  rotor  oscil- 
latory pitch  link  axial  force  required  to  cause  force  feedback 
is  about  2220  pounds.  The  rotating  swashplate  has  a fatigue 

life  of  106  cycles  at  a continuous  oscillatory  pitch  link  load 
of  about  2150  pounds  (Reference  19) , which  is  close  to  the  con- 
trol force  feedback  load  limit.  It  was  noted  during  the  C81 
simulation  of  the  fixed  collective  symmetric  pullups  that  the 
continuous  oscillatory  main  rotor  root  chordwise  bending  moment 

corresponding  to  a fatigue  life  of  10°  cycles  was  attained  at 
the  thrust  levels  at  which  the  oscillatory  main  rotor  pitch 
link  axial  force  reached  2220  pounds.  Maneuvers  can  be  flown 

which  cause  loads  in  excess  of  the  10°  cycles  fatigue  life,  but 
the  life  of  the  rotor  and  rotating  control  system  will  be  de- 
creased in  proportion  to  the  time  spent  at  high  loads. 
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The  absolute  aerodynamic  limit  is  reached  when  large  portions 
of  the  rotor  are  operating  in  stall.  Figure  17  shows  that  the 
limit  is  reached  at  different  thrust  levels  for  different  types 
of  maneuvers,  with  low-speed,  fixed-collective  symmetric  pullups 
reaching  the  limit  at  lower  values  of  C^/a  than  the  collective 

moving  maneuvers  used  by  Duhon  (Reference  5).  The  angle-of- 
attack  contour  plots  for  the  autorotational  pullup  maneuver  of 
counter  840  and  the  fixed  collective  symmetric  pullup  at  y = 


0.40  and  C^/a  = 0.196  are  reproduced  in  Figure  34.  The  static 


stall  angle  is  exceeded  over  at  least  90  percent  of  the  rotor 
disc  for  the  maneuver  of  counter  840  and  at  least  70  percent  of 
the  disc  for  the  fixed  collective  symmetric  pullup.  Deep  stall 
(a>30  degrees)  is  observed  over  15  to  20  percent  of  the  disc 
area. 
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SUMMARY  AND  CONCLUSIONS 


One-hundred-thirty-two  AH-1G  hiqh-g  maneuver  records  have  been 
examined  to  evaluate  more  than  thirty  performance  and  oscilla- 
tory load  parameters.  Simple  and  multiple  linear  regression 
analysis  of  the  data  was  performed,  but  the  interrelationships 
among  the  variables  could  not  be  determined  due  to  the  generally 
low  correlation  coefficients.  A series  of  high-g  maneuvers 
was  simulated  with  C81  to  supplement  the  test  data,  and  a set 
of  parameters  corresponding  to  the  flight  test  variables  was 
statistically  analyzed.  The  correlation  coefficients  had 
sufficient  range  to  show  which  variables  were  strongly  related. 
No  new  mechanisms  were  revealed,  but  the  results  generally 
agreed  with  prevailing  theory. 

The  computed  data  were  also  used  to  determine  the  point  of 
slope  changes  in  plots  of  horsepower  and  oscillatory  loads 
variables  versus  CT/a.  This  information  was  then  converted 

into  contour  lines  on  CT/c  versus  y plots  to  indicate  incipient 

stall,  fatigue  life  levels,  engine  and  transmission  rating 
boundaries,  control  feedback  warning,  and  the  absolute  aero- 
dynamic limit.  This  limit  was  investigated  by  the  use  of  rotor 
aerodynamic  contour  plots,  which  showed  that  very  large  regions 
of  deep  stall  exist  on  the  rotor  disc. 

Three  additional  maneuvers,  similar  to  the  most  severe  maneuvers 
in  the  test  data,  were  simulated  with  C81.  Comparison  between 
the  measured  and  computed  time  histories  of  performance  and 
oscillatory  load  data  showed  excellent  correlation.  Rotor 
aerodynamic  contour  plots  for  these  maneuvers  again  showed 
large  regions  of  stall. 

Evaluation  of  the  computed  and  measured  data  has  shown  that 
engine  torque  pressure  surge  and  the  absolute  aerodynamic 
limit  are  the  only  phenomena  which  limit  the  maximum  normal 
load  factor.  Control  force  feedback  has  been  designed  into  the 
aircraft  to  force  the  pilot  to  limit  maneuvers  to  load  levels 
that  will  not  decrease  the  useful  life  of  the  vehicle.  Cockpit 
vibration  has  been  found  to  restrict  some  maneuvers,  but  no 
clear  cause-effect  relationship  was  discernable  in  the  data, 
and  the  problem  can  be  alleviated  in  future  aircraft  by  a 
vibration  isolation  system,  such  as  pylon  nodalization.  High-g 
symmetric  maneuvers  may  be  limited  by  degradation  of  control 
effectiveness  at  low  load  factors  during  the  recovery,  but  this 
restriction  can  be  removed  by  modifying  the  recovery  technique. 

Several  conclusions  can  be  reached  with  regard  to  future  studies 
of  high-g  maneuvers.  The  accuracy  and  consistency  of  flight 
path  information  should  be  improved  and  main  rotor  flapping 
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and  blade  feathering  angles  should  be  recorded.  The  aircraft 
configurations  and  instrumentation  data  should  be  documented 
in  greater  detail,  and  the  data  should  be  recorded  on  magnetic 
tape  to  facilitate  data  handling.  In  accordance  with  the  prin- 
ciples of  experimental  design,  the  purposes  and  objectives  of 
the  tests  should  be  known  and  stated  before  the  program  is  con- 
ducted. These  objectives  will  then  become  the  basis  for  a test 
program  designed  to  facilitate  the  statistical  analysis  of  the 
data. 
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Figure  1.  Southeast  Asia  Operational  Flight  Envelopes  for  Three  Mission  Types 


Maximum  Roll  Rate  (Degrees/second) 


gine 


tulf 


u! 


KtHu 


■U  III' 


m\ 


■■■■■■ 

■gin 


Figure  8, 


16.0  32.0  46.0  64.0  60.0  86.0  U2.0 

Collective  Stick  Position  at  the  Time  of 
Maximum  Mean  Normal  Load  Factor  (Percent) 

Scatter  Diagram,  Referred  Thrust  Versus  Collective 
Stick  Position  at  the  Time  of  Maximum  Mean  Normal 
Load  Factor. 
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Figure  10. 


Onset  of  Retreating  Blade  Stall  for  Fixed  Collec- 
tive Symmetric  Pullups  as  Determined  From  Oscil- 
latory Main  Rotor  Root  Chordwise  Bending  Moment 
Data  and  as  Determined  by  the  Method  of  Gustafson 
With  Flight  Test  Maneuver  Points. 


Figure  11.  Onset  of  Retreating  Blade  Stall  for  Fixed  Collective 
Symmetric  Pullups  as  Determined  From  Engine  Shaft 
Horsepower  Data  and  as  Determined  by  the  Method  of 
Gustafson,  With  Flight  Test  Maneuver  Points. 
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Fiaure  12.  Onset  of  Retreating  Blade  Stall  for  Fixed  Collective 
Symmetric  Pullups  as  Determined  From  Oscillatory 
Main  Rotor  Pitch  Link  Axial  Force  Data  and  as 
Determined  by  the  Method  of  Gustafson,  With  Flight 
Test  Maneuver  Points. 
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Onset  of  Retreating  Blade  Stall  in  Level 
Flight,  as  Determined  by  Method  of  Gustafson 


0 Flight  Test  Cyclic  + Collective 
Symmetric  Pullups 

IIIIIT  Data  from  Simulated  Fixed 
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Figure  13.  Onset  of  Retreating  Blade  Stall  for  Fixed  Collective 
Symmetric  Pullups  as  Determined  by  Combination  of 
the  Three  Parameters  and  by  the  Method  of  Gustafson, 
With  Flight  Test  Maneuver  Points. 


itecidy 
!ol  lec 


ianeuv 


Advance  RaLic 


Figure  16.  Rotating  Swashplate  9806-Hour  Fatigue  Life  Line  for 
Fixed  Collective  Symmetric  Pullups,  With  Flight 
Test  Maneuver  Points. 
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Theoretical  Absolute  Aerodynamic 
Limit  for  Cyclic  + Collective 
Maneuvers,  Reference  5 
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Figure  17.  Absolute  Aerodynamic  Limit  Line  for  Fixed  Collective 
Symmetric  Pullups,  With  Flight  Test  Maneuver  Points. 
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Figure  18.  Total  Lift  Coefficient  Contour  Plots  for  Autorotational  Entry  Conditions 
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Figure  19.  Angle-of-Attack  Contour  Plots  for  Autorotational  Entry  Conditions. 
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Figure  21.  Angle-of-Attack  Contour  Plots  at  the  Tine  of  Maximum  Mean  Normal  Load 
Factor  for  the  Autorotational  Pullups. 
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Figure  21.  Concluded. 
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Figure  22.  Total  Lift  Coefficient  Contour  Plots  at  the  Time  of  Maximum  Mean  Normal 
Load  Factor  for  the  Power-On  Pullups. 
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Angle-of-Attack  Contour  Plots  at  the  time  of  Maximum  Mean  Normal  Load 
Factor  for  the  Power-On  Pullups. 


1 1 I 1 1 1 1 1 ! I III  I l»l I I I 1 1 I I 1 1 I I I I I 
I 1 1 I II  I I III  II  I I I I I (• I ill  I I I I I III  • I I III  t 

1 1 1 1 1 1 1 1 lu+mrrrs  rmui  i n 1 1 1 1 1 1 


Figure  23.  Continued 
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Figure  26.  Concluded 
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(a)  Total  Lift  Coeffici< 

Figure  32.  Contour  Plots  at  the  Time  of  Ma: 
for  the  Left  Rolling  Pullout  of 
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Figure  33.  Concluded, 
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(a)  Stall  Contour  Lines  at  the  Time  of  Maximum  Mean  Normal 
Load  Factor  for  the  Simulated  Autorotational  Pullup  of 
Flight  119,  Counter  840.  y ® 0.277,  CT/a  = 0.148 


(b)  Stall  Contour  Lines  at  the  Time  of  Maximum  Mean  Normal 
Load  Factor  for  a Fixed  Collective  Symmetric  Pullup. 

\i  = 0.40,  CT/a  = 0.196 


Figure  34.  Contour  Plots  Showing  Stalled  Regions  on  Rotor. 
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TABLE  III.  MAXIMUM  VALUES  OBSERVED  FOR  PRIMARY  VARIABLES 


Variable 

Maxi-  m Value 

Observed 

Mean  Normal  Load  Factor 

2.61  g 

Mean  Pitch  Rate 

21.8  deg/s 

Mean  Roll  Rate 

-58.8  deg/s. 

66.8  deg/s* 

Collective  Stick  Position 

89.9% 

Longitudinal  Cyclic  Stick 
Position 

79.2% 

Oscillatory  Longitudinal 
Cyclic  Stick  Force 

6.58  lb 

Lateral  Cyclic  Stick  Position 

38.6%,  74.7%* 

Oscillatory  Lateral  Cyclic 
Stick  Force 

3.50  lb 

Mean  Engine  Torque  Pressure 

59.0  psi 

Oscillatory  Copilot  Vertical 
Acceleration 

1.34  g 

Oscillatory  Main  Rotor  Pitch 
Link  Axial  Force 

3010  lb 

Oscillatory  Main  Rotor 
Chordwise  Bending 
Moment,  Station  135 

145,000  in. -lb 

*£::treme  excursions  from  neutral 
corresponds  to  a left  bank  angle 
angle . 

t — r- 

position.  The 
, the  higher  to 

smaller  value 
a right  bank 

.•T» 


L 


TABLE  IV.  SUMMARY 

OF  MANEUVERS 

Oscillo- 

Measured  Maximum 

Flight 

graph 

Mean  Normal  Load 

Number 

Counter 

Factor 

Comments 

5 

11 

1.19 

1.3  g on  pilot  card 

13 

1.25 

1.4  g on  pilot  card 

14 

1.33 

15 

1.37 

16 

1.44 

21 

1.21 

1.35  g on  pilot  card 

23 

1.26 

1.35  g on  pilot  card 

25 

1.38 

28 

1.22 

1.35  g on  pilot  card 

29 

1.27 

1.40  g on  pilot  card 

36 

1.25 

1.35  g on  pilot  card 

37 

1.28 

1.50  g on  pilot  card 

38 

1.26 

1.40  g on  pilot  card 

6 

5 

1.39 

Engine  Torque  Pressure  is 
negative  for  all  counters 
in  Flight  6. 

6 

1.47 

8 

1.58 

9 

1.36 

10 

1.44 

11 

1.68 

17 

1.52 

18 

1.50 

19 

1.67 

21 

1.53 

22 

1.68 

23 

1.66 

25 

1.47 

26 

1.63 

27 

1.73 

30 

1.59 

31 

1.56 

32 

1.29 

1.7  g on  pilot  card 

7 

18 

1.60 

21 

1.67 

8 

7 

1.72 

8 

1.67 

9 

1.76 

100 


TABLE  IV. 


Continued 


Oscillo- 

Measured  Maximum 

Flight 

graph 

Mean  Normal  Load 

Number 

Counter 

Factor 

Comments 

9 

18 

1.46 

19 

1.44 

20 

1.75 

21 

1.78 

10 

7 

1.39 

9 

1.47 

11 

1.36 

12 

1.48 

13 

1.42 

14 

1.40 

15 

1.58 

16 

1.33 

17 

1.39 

11 

7 

1.39 

14 

1.64 

16 

1.43 

17 

1.38 

18 

1.46 

19 

1.62 

21 

1.63 

22 

1.59 

23 

1.57 

22 

Copilot  Vertical  Accelera- 
tion, Main  Rotor  Pitch  Link 
Axial  Force  and  Chordwise 

Bending  Moment  (Station  135) 
unavailable  for  all  counters 

of  Flight  22.  In  addition, 
the  following  variables  are 
unavailable  for  the  indivi- 

dual  counters: 

5 

1.54 

Lateral  Cyclic  Stick  Force 

6 

1.66 

Lateral  Cyclic  Stick  Force 

7 

1.40 

Engine  Torque  Pressure 

8 

1.5C 

9 

1.56 

10 

1.31 

Engine  Torque  Pressure 

12 

1.71 

13 

1.71 

Longitudinal  Cyclic  Stick 
Force 

TABLE  IV.  - Continued 


Oscillo- 

Measured  Maximum 

Flight 

graph 

Mean  Normal  Load 

Number 

Counter 

Factor 

Comments 

14 

1.68 

Longitudinal  Cyclic  Stick 
Force 

15 

1.61 

111-A 

336 

2.35 

Longitudinal  Cyclic  Stick 
Force,  Lateral  Cyclic  Stick 
Force,  Fuselage  Angle  of 
Attack  and  Fuselage  Side- 
slip Angle  unavailable  for 
the  remaining  counters 

337 

2.24 

112-B 

496 

1.98 

497 

2.21 

498 

2.17 

112-C 

520 

1.41 

521 

1.45 

522 

1.73 

523 

1.96 

524 

1.92 

525 

2.12 

113 

596 

1.41 

597 

1.37 

598 

1.37 

599 

1.66 

600 

1.33 

601 

1.82 

602 

1.78 

603 

1.78 

114-B 

635 

2.13 

636 

2.18 

637 

2.21 

638 

2.23 

116-A 

723 

2.06 

724 

2.30 

725 

2.29 

726 

2.40 

727 

2.28 

TABLE  IV 


Concluded 


Oscillo- 

Measured  Maximum 

Flight 

graph 

Mean  Normal  Load 

Number 

Counter 

Factor 

Comments 

116-B 

737 

2.33 

738 

2.14 

739 

2.06 

740 

2.59 

741 

2.43 

117-A 

772 

2.44 

773 

2.45 

774 

2.43 

775 

2.46 

117-B 

785 

2.45 

786 

2.49 

787 

2.34 

789 

2.50 

790 

2.21 

118 

814 

1.80 

815 

1.76 

816 

1.78 

817 

1.88 

818 

1.89 

819 

1.86 

820 

1.80 

821 

1.94 

822 

1.92 

823 

1.89 

824 

2.09 

825 

1.56 

119 

838 

1.95 

839 

1.36 

Main  Rotor  Pitch  Link 

840 

2.06 

Axial  Force  not  available 

841 

2.07 

120-A 

879 

2.17 

881 

2.26 

) 

882 

2.17  1 

( Main  Rotor  Pitch  Link 

883 

2.54  , 

( Axial  Force  not  available 

884 

2.61 
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885 

2.41 
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A(  ) indicates  the  difference  between  the  value  at  the  time  of  maximum  mean  normal 
load  and  the  value  at  the  beginning  of  the  maneuver. 
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indicate  |r.  .|  <0.15  and  is  therefore  not  significantly  different  from  zero  with  95  percent 


TABLE  VIII.  COEFFICIENTS  OF  PARTIAL  REGRESSION  FOR  OSCILLATING  LOADS  AT  THE 
TIME  OF  MAXIMUM  MEAN  NCIU-iAL  LOAD.  WHICH  ARE  SIGNIFICANTLY 


TABLE  IX.  PARTIAL  CORRELATION  COEFFICIENTS  FOR  OSCILLATING  LOADS  AT  THE  TIME  OF 
MAXIMUM  MEAN  NORMAL  LOAD,  WHICH  A ']  SIGNIFICANTLY  DIFFERENT  FROM  ZERO 
WITH  95  PERCENT  CONFIDENCE 
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Dashes  indicate  <0.265  and  is  therefore  not  significantly  different  from 

zero  with  95  percent  confidence. 
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TABLE  XI.  ENTRY  CONDITIONS  FOR  FIXED  COLLECTIVE  SYMMETRIC  PULLUPS 
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TABLE  XII.  SIMPLE  CORRELATION  COEFFICIENT  MATRIX 
FOR  SEVEN  BASIC  VARIABLES  - C81  DATA 
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TABLE  XV.  CUMULATIVE  COEFFICIENTS  OF  DETERMINATION 
- C81  DATA 


Cumulative 

Coefficient 

Dependent 

of 

Variable 

Independent  Variable 

Determination 

Oscillatory  Normal 

Pitch  Rate 

0.55 

Load  Factor 

Engine  Torque  Pressure 

0.73 

Maximum  Mean  Normal  Load 

0.75 

Roll  Rate 

0.80 

+ Others 

0.83 

Oscillatory  Main 

A (Lateral  Cyclic  Stick 

0.76 

Rotor  Pitch  Link 

Position) 

Axial  Force 

Engine  Torque  Pressure 

0.83 

Maximum  Mean  Normal  Load 

0.86 

Advance  Ratio 

0.89 

+ Others 

0.91 

Oscillatory  Main 

Roll  Rate 

0.55 

Rotor  Chordwise 
Bending  Moment 

Pitch  Rate 

0.68 

Station  135 

Engine  Torque  Pressure 

0.80 

A (Longitudinal  Cyclic 

0.84 

Stick  Position) 


+ Others 


0.88 
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APPENDIX  I 

STATISTICAL  ANALYSIS 


The  classical  techniques  of  linear  regression  analysis  and 
statistical  inference  are  presented  in  detail  in  works  such  as 
References  7,  8,  22,  and  23.  The  discussion  given  here  is  in- 
tended to  describe  the  modifications  required  to  analyse  a body 
of  data  containing  incomplete  sets  of  observations.  The  de- 
scription includes  an  explanation  of  the  quantities  computed  in 
Bell  Helicopter  Company  Program  JRSW03 . This  program  is  based 
on  IBM  Scientific  Subroutine  Package  (SSP)  program  STEPR,  and 
SSP  subroutine  MISR  (Reference  24). 

Given  a sample  containing  m observations  of  n variables,  and 
representing  each  variable  as 


x . . ; 

13 


i-l, 2, . . . , m 7 j — 1,2, . . . ,n 


The  mean  value,  x^,  of  the  j 


x . = 
3 


variable  is  defined  as 


where  is  the  total  number  of  values  observed  for  the  j 

variable  (Mj<m) . No  value  is  entered  in  the  summation  for 

those  values  of  i for  which  x.  . is  unavailable.  Defining 
the  deviation  as  1-) 

d . . = x . . - x . 

13  13  3 

with  d. . = 0 when  x. . is  unavailable,  the  standard  deviation 
13  13 

of  the  sample,  s^,  is 

fm  j 

l (d.  . ; 

_ J i^l 

sj  V Mj 

When  the  sample  is  large,  the  standard  deviation  of  the  popula- 
tion, a.,  can  be  estimated  from  s.  as  follows: 

3 3 


“j ' sj 
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JRSW03  prints  out  this  estimate  for  the  standard  deviation  and 
uses  it  throughout  the  calculations. 


i.1.  4-  V\ 

The  correlation  coefficient  for  the  k and  p n variables. 


r,  , is  computed  as 


n 


E d . . d . 
xk  ip 


kp 


/mk-1r(Mp-i)ak  ap 


No  value  is  entered  in  the  summation  for  a given  value  of  i 


if  the  value  of  x,,  or  x.  is  unavailable. 

IK  1 p 


IS 


If  the  matrix  of  the  simple  correlation  coefficients,  r,  , 

_ kp 

R,  its  determinant  is  R,  and  R,  is  the  cofactor  of  r,  , then 

. . . th  *P 

the  multiple  correlation  coefficient  of  the  i variable,  with 

respect  to  all  other  variables  is 


R. 


i. jkl. . . 


1 - 


R 


R. 


xi 


If  only  one  dependent  and  one  independent  variable  are  analyzed 
at  a txme,  the  multiple  correlation  coefficient  is  equal  to  the 
absolute  value  of  the  correlation  coefficient  for  that  pair  of 
variables , i . e . , 


R . . = | r . . | 

lO  1 il1 


If  more  than  one  independent  variable  is  introduced  in  the 
analysis,  the  degrees  of  freedom  of  the  data  are  reduced. 

JF.SW03  is  capable  of  correcting  the  multiple  correlation  co- 
efficient for  this  reduction  and  prints  out  an  adjusted  multiple 
correlation  coefficient.  With  only  one  independent  variable, 
the  t\vo  quantities  are  the  same. 


The  standard  error  of  estimate  is 


/ 


V 


/ (1-Ri.jki...>mr1)0j‘ 


N 


The  denominator  in  this  expression,  N,  is  the  total  number  of 
observations  reduced  by  the  number  of  independent  variables 
introduced,  q,  plus  one. 
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N = Mj  - (q+1) 

A regression  hyper-plane  can  be  determined  for  any  sample 
containing  three  or  more  variables.  If  any  two  variables 
(x^,  xip?  i-1,  2,...m)  are  taken  at  a time,  a regression 

line  can  be  determined  in  the  plane  formed  by  the  two  variables. 
The  regression  line  is  the  least  squares  curve  fit  line,  and 
its  slope  (n^p/  the  regression  coefficient)  and  intercept 

(b^)  are  computed  as 


rakP  ■ rkP  (or)  bk  ■ -mkP  *P  + Jk 

The  standard  error  of  the  regression  coefficient  is  equal  to 
the  square  root  of  the  cross  product  of  the  deviations  of  the 
independent  and  dependent  variables,  divided  by  the  number  of 
observations  for  which  both  variables  are  available.  If  M . <M^ , 
then  the  standard  error  of  the  regression  coefficient  is 
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The  square  of  the  multiple  correlation  coefficient  is  the  pro- 
portion of  the  variation  of  the  dependent  variable  explained  by 
the  variation  of  the  independent  variables.  The  variation  re- 
maining in  the  dependent  variable  is  the  total  variation  reduced 


by  R.  ...  . The  variation,  or  variance,  is 

x • • • • 2 

of  the  squares  of  the  deviation  is  (M^-Do^  . 


2 

a . and  the  sum 
D 

JRSW03  computes 


the  amount  by  which  the  sum  of  the  squares  has  been  reduced  and 
prints  it  out  as  the  "sum  of  squares  reduced  in  this  step." 
This  term  is  equal  to 


Ri.jki, 


2 

while  the  "proportion  reduced  in  this  step"  is  R-  , . If 

1 • J ivX  • • • 

more  independent  variables  are  introduced  in  another  step,  then 
the  "sum  of  the  squares  reduced  in  this  step"  and  "proportion 
reduced  in  this  step"  are  quantities  based  on  only  the  indepen- 
dent variables  introduced  in  that  step.  The  "cumulative  sum 
of  the  squares  reduced"  and  the  "cumulative  proportion  reduced" 
are  based  on  all  the  independent  variables  introduced  through 
that  step. 
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The  computed  t-value  is 


'comp 


'Is 
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kp 


and  is  used  to  determine  the  significance  of  the  sample  corre- 
lation coefficient  as  a measure  of  the  population  correlation 
coefficient. 


APPENDIX  II 

CALIBRATION  OF  C81  INPUT  DATA 


The  Rotorcraft  Flight  Simulation  Program  C81  has  been  under 
development  for  the  past  decade.  The  latest  version  of  this 
program,  AGAJ7402,  was  used  throughout  this  project.  A de- 
scription of  the  analysis  incorporated  in  the  program  and  an 
input  guide  are  in  Reference  14.  The  purpose  of  this  appendix 
is  to  discuss  the  inputs  that  were  used  and  to  show  the  cor- 
relation between  experimental  data  and  the  results  of  the  081 
simulation. 

INPUT  DATA 


A listing  of  the  inputs  to  the  program  for  the  AH-1G  is  given 
in  Table  XVII.  The  inputs  control  the  program  options  used  in 
the  analysis,  provide  the  physical  parameters  of  the  helicopter 
and  describe  the  desired  flight  conditions.  Since  the  values 
of  the  majority  of  the  inputs  can  be  determined  in  a straight- 
forward manner,  the  discussion  will  be  limited  to  the  derivation 
of  those  variables  which  are  peculiar  to  the  AGAJ7402  version 
of  the  program  or  which  were  changed  to  enhance  the  calibration 
between  computed  and  experimental  data. 

Logic  Control  Variables 

The  inputs  in  the  Proaram  Logic  Group  and  Iteration  Logic 
Group  govern  the  oper  ition  of  the  program.  The  user  determines 
the  mathematical  representation  of  the  helicopter  that  he  wants 
and  the  different  types  of  analysis  to  be  applied  to  this  model 
and  sets  the  values  in  the  two  logic  groups  accordingly.  The 
first  14  entries  in  uhe  Program  Logic  Group  control  which  input 
groups  are  read  by  the  program.  For  the  AH-1G  model,  the  non- 
zero or  activated  read  options  are: 


Variable  Input  Groups  to  be  Read 


IPL  ( 2 ) 

= 1 

1 Airfoil  Data  Table 

IPL (3) 

= 5 

5 Mode  Shapes 

IPL  (6) 

= 2 

2 Rotor  Airfoil  Aerodynamic  Subgroups 

IPL (9) 

= -1 

Wing  Group  (without  control  linkages) 

IPL (10 ) 

= 3 

3 Stabilizing  Surface  Groups  (with 
control  linkages) 
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In  addition,  if  the  configuration  being  simulated  has  external 
stores,  the  value  of  IPL(12)  is  set  equal  to  the  number  of 
stores  and  that  number  of  Stores  Subgroups  is  input.  (See 
Table  XVIII  for  a listing  of  the  Stores  Group  for  4 empty  XM-159 
rocket  pods.) 

[he  next  ten  values  of  the  Program  Logic  Group  control  the  use 
of  options  in  the  mathematical  analysis.  The  options  selected 
are : 


Variable 


Option 


IPL  ( 16  ) =• 


IPL(IH)  = 


IPL  ( 19 ) 


tpi.  ( 20 ) ^ 


Yaw  angle  is  held  constant  in  trim 

Main  rotor  steady-state  aerodynamics  are 
computed  according  to  Rotor  Airfoil  Aero- 
dynamic Subgroup  1,  and  the  airfoil  has  a 
constant  section  root  to  tip 

Tail  rotor  steady-state  aerodynamics  are 
computed  according  to  Rotor  Airfoil  Aero- 
dynamic Subgroup  2,  and  the  airfoil  has  a 
constant  section  root  to  tip 

Bell  unsteady  aerodynamics  model  is  used  for 

main  rotor 


.PL  (21 


Time  variant  rotor  analysis  is  used  for  main 
rotor 


The  simulation  of  the  left  rolling  pullout  maneuver  (counter 
740,  flight  116-B)  had  to  be  initiated  with  a fully  time- 
variant  trim.  For  this  case,  IPL  (22)  was  set  to  2. 

Additional  output  is  selected  by  setting  the  values  of  IPL (25) 
and  IPL (26)  to  1.  This  latter  selection  yields  the  optional 
trim  page  which  contains  the  nondimensional  flight  parameters, 
such  as  CT/c. 

The  Iteration  Logic  Group  contains  inputs  which  are  used  in, 
and  control,  the  numerical  solution  procedure.  XIT(l)  sets 
the  maximum  number  of  iterations  allowed  to  trim  the  helicopter. 
The  value  of  41  was  selected  so  that  a partial  derivative  matrix 
could  be  available  from  the  last  iteration  should  a trim  condi- 
tion not  be  reached  in  41  iterations.  The  azimuth  increment 
for  the  time-variant  trim  procedure,  XIT(2),  was  input  as  10 
degrees  to  satisfy  the  Runge-Kutta  stability  requirement  of 
at  least  10  cycles  of  the  highest  harmonic  per  rotor  revolu- 
tion. The  next  12  entries  in  this  group  (XIT(3)  through  XIT(14)) 
are  inputs  to  numerical  dampers  which  govern  the  stability  of 
the  numerical  procedure.  The  values  used  have  been  found  to 
give  good  results. 
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The  last  seven  inputs  to  the  Iteration  Logic  Group  are  the 
allowable  errors  for  the  trim  procedure.  At  the  end  of  each 
trim  iteration,  the  net  forces  and  moments  on  the  aircraft 
center  of  gravity  and  the  flapping  moments  on  both  rotors  are 
computed.  For  a trimmed  flight  condition,  these  net  forces  and 
moments  should  be  zero,  but  this  is  almost  impossible  to  achieve 
because  the  solution  process  is  numerical.  In  C81,  the  aircraft 
is  considered  trimmed  if  the  absolute  values  of  the  net  forces 
and  moments  are  less  than  the  values  input  for  the  allowable 
errors.  The  allowable  errors  used  for  this  study  give  solutions 
very  close  to  trim  with  a moderate  number  of  iterations. 

Physical  Parameters  of  the  Helicopter 

The  majority  of  the  inputs  to  the  program  provide  a physical 
description  of  the  helicopter.  The  inputs  are  made  in  separate 
groups  for  each  of  the  major  components  of  the  aircraft.  The 
groups  will  be  discussed  in  the  order  in  which  they  are  input. 

CLCD5474  is  the  rotor  airfoil  aerodynamic  table.  The  table 
entries  for  moderate  angles  of  attack  for  Mach  numbers  between 
0.3  and  0.8  were  determined  from  wind-tunnel  test  data  for  a 
two-dimensional  540  rotor  airfoil  section  (9.33  percent  symmet- 
ric) . The  values  at  extreme  angles  of  attack  and  Mach  numbers 
of  zero  and  one  are  those  of  an  NACA  0012  and  intermediate 
values  were  determined  by  fairing  the  540  values  into  the  0012 
values.  The  resulting  airfoil  table  is  given  in  Table  XIX. 

MODE540A  contains  the  information  necessary  to  compute  the  main 

rotor  dynamic  response.  The  constituents  of  this  group  are 

the  mass,  pi  and  pi  distributions,  and  the  five  main  rotor 
x y 

mode  shapes.  The  frequency,  damping  ratio,  and  mode  type 
indicator  for  each  mode  are  also  input  in  this  group.  C81 
prints  out  all  these  data,  plus  several  computed  properties 
such  as  bending  moment  coefficients,  as  given  in  Table  XX. 

The  mode  shapes  and  their  natural  frequencies  are  computed  by 
the  Myklestad  program  (DF1758).  The  inputs  used  to  generate 
the  540  rotor  mode  shapes  are  given  in  Table  XXI.  The  blade 
stiffness,  InD  and  lnn  distributions  have  been  determined  ana- 

lytically.  Three-hundred-twenty-four  is  the  nominal  main  rotor 
operating  rpm  and  16  degrees  root  collective  pitch  angle  was 
chosen  because  it  was  a representative  value  for  the  flights  to 
be  simulated.  The  control  system  stiffness  is  the  measured 
static  value. 

The  mass  distribution  input  to  the  Myklestad  program  differs 
from  the  one  input  to  C81.  The  latter  is  the  mass  distribution 
for  the  blade  as  given  in  Reference  25,  while  the  former  is  the 
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one  which  gives  the  best  match  of  beam  and  chord  natural  fre- 
quencies when  compared  with  the  results  of  ground  runup  tests. 
The  dynamic  pylon  model  in  C81  was  not  used  and  the  inplane  hub 
impedance  was  simulated  in  the  Myklestad  program  by  inputting 

a value  for  HSOFT.  The  value  of  -6. 5/ (10^  lb)  gives  a first 
inplane  natural  frequency  of  1.507  per  rev  which  agrees  with 
the  value  determined  in  the  ground  runup  tests.  The  blade 
shear  center  distribution  is  not  known  and  was  accordingly 
input  as  zero.  Since  the  airfoil  section  is  structurally 
symmetric,  the  beamwise  eg  offset  is  zero.  The  inplane  eg 
offset  also  differs  from  that  given  in  Reference  25,  but  in 
conjunction  with  the  input  mass  distribution,  control  system 
stiffness  and  GJ  distribution,  gives  a good  match  of  blade 
torsional  response,  as  determined  by  the  computed  natural 
frequency  and  the  C81  computed  pitch  link  loads. 


The  Myklestad  program  computes  natural  frequencies  and  mode 
shapes  for  three  different  sets  of  hub  boundary  conditions,  as 
follows : 


Mode 

Type 

Hub 

Boundary  Conditions 

Out-of-Plane 

Inplane 

Torsion 

Cyclic 

Cantilevered 

Pinned 

Cantilevered 

Collective 

Pinned 

Cantilevered 

Cantilevered 

Scissor 

Cantilevered 

Cantilevered 

Cantilevered 

As  pointed  out  by  Bennett  (Reference  13),  the  proper  modes  to 
use  for  a teetering  rotor  are  a mix  of  cyclic  and  collective 
modes.  For  the  current  study,  the  first  three  cyclic  modes 
and  the  first  and  third  collective  modes  were  selected.  The 
second  out-of-plane  collective  mode  was  excluded  because  it  is 
very  similar  in  frequency  and  deflections  to  the  second  out-of- 
plane cyclic  mode  and  its  inclusion  changes  the  computed  beam 
and  chord  bending  moments  to  a great  extent.  Either  the  cyclic 
or  collective  torsion  mode  can  be  selected  for  the  torsion  mode. 
Its  mode  type  indicator  was  changed  to  independent  because  the 
blade  will  respond  torsionally  to  any  integer  harmonic  forcing 
function.  Also,  the  damping  ratio  for  this  mode  was  raised  from 
the  0.02  structural  damping  ratio  of  the  other  modes  to  0.10 
critical  to  include  the  damping  of  the  control  system. 

The  mass  and  aerodynamic  properties  of  the  fuselage  are  given 
in  the  Fuselage  Group.  The  mass  properties  are  for  the  whole 
aircraft  without  any  external  stores,  while  the  aerodynamic 
properties  are  for  the  fuselage  alone,  i.e.,  without  rotors, 
wing,  stabilizing  surfaces,  or  external  stores.  The  gross 
weight  and  center-of-gravity  stationline  and  buttline  (XFS(l), 
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XFS{5),  and  XFS(7))  are  determined  by  weighing  the  aircraft 
while  the  center-of-gravity  waterline  and  moments  and  product 
of  inertia  are  to  be  calculated  using  the  mass  properties  of 
each  component  of  the  helicopter.  The  mass  properties  in  the 
basic  fuselage  group  used  in  this  analysis  are  those  of  the 
light  gross  weight,  aft  eg  Huey  Cobra.  Different  configurations 
were  modeled  by  adding  external  stores  in  the  stores  group  or 
changing  the  mass  properties  with  an  &CHANGE  card. 

The  fuselage  aerodynamic  properties  were  computed  from  wind- 
tunnel  test  data  (Reference  26)  by  using  computer  program 
AS812A.  The  fuselage  reference  center  (XFS(2),  XFS(3),  and 
XFS ( 4 ) ) corresponds  to  the  balance  reference  center  used  in 
the  wind-tunnel  tests. 

The  first  Rotor  Airfoil  Aerodynamic  Subgroup  of  the  Rotor  Aero- 
dynamic Group  describes  the  main  rotor  aerodynamics  while 
the  second  subgroup  gives  the  tail  rotor  aerodynamics.  The 
main  rotor  airfoil  table,  CLCD‘54  74  , is  selected  by  the  unitary 
value  of  YRR  ( 18 ) and  the  yawed  flow  model  is  determined  by  the 
values  of  XMR(20),  XNR(21),  and  XMR(28).  The  remainder  of  the 
values  in  this  subgroup  supplement  the  .information  given  in 
the  table,  as  described  in  the  User's  Guide  (Reference  14). 

The  tail  rotor  information  in  the  second  subgroup  is  a direct 
carryover  of  the  values  used  in  previous  versions  of  the  pro- 
gram and  represents  the  tail  rotor  well. 

The  Main  Rotor  Group  and  Tail  Rotor  Group  give  the  nonaerodynamic 
properties  of  the  rotors  and  all  the  properties  of  the  rotor 
mast  and  pylon.  The  majority  of  these  values  can  be  determined 
by  direct  measurement  from  detailed  drawings  of  the  aircraft. 

The  pylon  equivalent  flat  plate  drag  areas  are  estimated  and 
the  main  rotor  hub  drag  is  included  in  the  pylon  drag,  so  the 
main  rotor  hub  drag  coefficient  is  set  to  zero.  3lade  response 
and  bending  moments  are  printed  out  in  maneuver  for  the  segment 
number  input  in  XMR(15).  It  should  be  noted  that  for  printout 
purposes,  segment  20  is  the  hub,  while  segment  1 is  the  hub  for 
the  plots.  (This  can  be  confusing,  thus  the  program  will  be 
modified  so  that  segment  1 is  the  hub  for  both  printout  and 
plots . ) 

The  geometric  and  aerodynamic  properties  of  the  wing,  elevator, 
and  fin  are  given  in  the  Wing  Group  and  Stabilizing  Surface 
Groups.  These  properties  are  either  measured  or  computed  in  a 
straightforward  manner  and  require  no  further  discussion. 

If  the  helicopter  configuration  being  simulated  has  external 
stores,  the  Stores  Group  is  included.  The  data  in  this  group 
represent  four  empty  XML59  stores.  The  aerodynamic  properties 
were  calculated  by  assuming  that  the  stores  are  right  circular 
cylinders  and  all  wing-store  interference  drag  is  included 
in  the  store  drag  properties. 
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The  control  linkages  input  in  the  Controls  Group  are  those  re- 
ported in  Reference  27. 

Flight  Conditions 

The  desired  flight  conditions  are  input  in  the  Flight  Constants 
Group  and,  in  a maneuver,  may  be  modified  by  the  use  of  "J- 
cards"  (see  section  3.21,  Reference  14).  The  speed  inputs 
(XFC(l)  throu  ;h  XFC(3))  are  in  ground  reference  and  are  added 
vectorally  to  give  the  true  airspeed.  An  altitude  input  (at 
XFC(4))  less  than  1.5  rotor  diameters  turns  on  the  ground-effect 
calculations  of  the  program.  The  next  seven  inputs  (XFC(5) 
through  XFC(l.l))  give  the  approximate  aircraft  attitude  and 
control  positions  for  the  initial  iteration  in  the  trim  pro- 
cedure. The  rotor  flapping  angles  and  thrust  (XFC(15)  through 
XFC(20))  are  also  approximations  for  the  initial  iteration.  (If 
these  values  are  too  far  from  the  trimmed  flight  values,  the 
program  may  not  converge  to  a solution  in  the  41  iterations 
allowed.)  The  engine  horsepower  input  (XFC(24))  is  1246  because 
the  program  assumes  a 9-percent  loss,  leaving  1134  horsepower 
available  for  the  rotors,  which  is  the  gearbox  limit  at  6600 
engine  rpm  (XFC(25)).  The  values  of  XFC(26)  through  XFC(28)  are 
used  to  compute  the  density  ratio  and  speed  of  sound  for  the 
flight  condition,  as  described  in  the  User's  Guide  (Reference 
14)  . 

COMPARISON  OF  FLIGHT  TEST  AND  COMPUTED  DATA 


Four  different  series  of  AH-1G  level  flight  tests  were  simu- 
lated with  C81  to  demonstrate  the  ability  of  the  mathematical 
model  to  represent  the  helicopter.  The  aircraft  configurations 
and  flight  conditions  for  the  four  flights  are  given  in  Table 
XXII.  Insufficient  information  was  available  to  determine  the 
waterline  location  of  the  center  of  gravity.  Several  trial 
values  were  used  and  a value  of  60  inches  for  flights  34  and 
40,  and  68  inches  for  flights  277  and  280,  were  found  to  give 
the  best  overall  pitch  attitude  correlation  (Figure  35)  . The 
computed  p'itch  attitudes  agree  very  well  with  the  measured 
values  for  flights  34,  40,  and  277.  The  measured  pitch  atti- 
tude values  for  flight  280  show  a slight  nose-up  trend  with 
forward  speed  which  is  clearly  contradicted  by  the  measured 
data  of  the  other  three  flights.  The  computed  pitch  attitude 
data  for  this  flight  show  the  proper  trend. 

The  measured  and  computed  horsepower  data  agree  very  well  (Fig- 
ure 36).  The  horsepower  required  at  high  speeds  in  C81  is 
somewhat  greater  than  that  measured  for  flights  34  and  40,  but 
it  should  be  noted  that  the  measured  horsepower  required  at 
y = 0.314  for  flight  40  indicates  that  the  helicopter  is  most 
likely  in  a dive.  The  fuselage  and  pylon  equivalent  flat  plate 
drag  areas  had  to  bo  increased  for  flight  277  (to  8.7  and  6.7 
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square  feet,  respectively)  to  get  the  correlation  shown.  Also, 
the  equivalent  flat  plate  dr  <g  area  of  the  pylon  had  to  be 
increased  to  7.4  square  feet  to  get  the  horsepower  correlation 
shown  for  flight  280.  These  changes  in  drag  area  for  configu- 
rations with  a forward  center  of  gravity  are  documented  in 
Reference  29.  The  additional  drag  was  not  necessary  for  flights 
34  and  40,  which  were  flown  with  the  center  of  gravity  further 
aft.  Figures  37  through  40  show  the  measured  and  computed 
control  displacements  for  the  four  flights.  In  all  cases,  the 
data  trends  correlate  excellently.  The  discrepancies  in  abso- 
lute displacements  can  be  due  to  differences  between  the  actual 
and  reported  control  gearings  and  lost  motion  in  the  control 
system.  Since  there  is  no  lost  motion  between  the  collective 
stick  and  the  swashplate  in  C81,  the  program  is  computing  a 
lower  collective  stick  position  than  that  measured  in  flight. 

The  oscillatory  pitch  link  axial  force  is  computed  by  dividing 
the  root  torsional  bending  moment  by  the  pitch  horn  radius. 

The  comparison  between  computed  and  measured  oscillatory  pitch 
link  axial  force  is  presented  in  Figure  41.  The  correlation  is 
excellent  for  flights  34  and  40  and  good  for  flights  277  and 
280.  When  the  estimated  breakout  friction  of  the  pitch  bear- 
ings is  taken  into  considerauion,  the  correlation  improves  for 
flights  40,  277,  and  280,  and  the  loads  predicted  for  flight  34 
are  over-conservative.  The  slight  downward  trend  of  the  com- 
puted oscillatory  pitch  link  axial  force  at  y = 0.28  is  unex- 
pected, but  the  test  data  show  a similar  trend. 

Correlation  between  computed  and  measured  oscillatory  chordwise 
bending  moments  is  somewhat  hampered  by  the  scatter  in  the  test 
data.  The  jump  in  measured  loads  in  the  speed  range  of  80  to 
100  knots  (Figure  42)  is  due  to  wake  crossing  which  is  known  to 
occur  at  these  speeds.  This  phenomenon  cannot  yet  be  simulated 
in  C81  due  to  the  lack  of  data  to  input  to  the  wake  model. 

There  is  still  a good  deal  of  scatter  in  the  data  in  addition 
to  the  jump  due  to  wake  crossing.  The  trend  of  the  computed 
and  measured  chordwise  bending  moments  agrees  quite  well  for 
flight  34,  and  there  is  a good  match  of  the  actual  curves  for 
flight  280. 

The  computed  chordwise  bending  moments  for  flight  40  agree 
very  well  with  the  measured  values  at  low  speeds  but  increase 
at  a greater  rate  at  high  speeds.  This  discrepancy  in  slopes 
would  be  explained  if  the  aircraft  was  actually  in  a dive  for 
the  higher  speed  test  points,  as  was  assumed  in  the  discussion 
of  horsepower.  In  a dive,  the  rotor  has  to  provide  less  pro- 
pulsive force  at  any  given  airspeed  and  will  not  be  as  close 
to  stall  at  the  higher  speeds,  thereby  lowering  the  drag  on  the 
rotor  blades  and  the  chordwise  bending  moments. 
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For  flight  277,  the  computed  oscillatory  chordwise  bending 
moment,  station  60,  is  within  the  scatter  band  of  the  test  data. 
The  loads  computed  at  station  135  and  160  are  close  to  those 
measured  in  flight  (Figure  43). 

The  computed  oscillatory  beamwise  bending  moments  compare 
favorably  with  those  measured  in  flight  (Figure  44),  and  the 
correlation  at  station  60  for  flights  34  and  280  is  excellent. 

The  correlation  for  the  moments  at  station  60  for  flights  40 
and  277  is  good,  and  the  computed  loads  at  station  160  for  all 
flights  follow  the  trends  of  the  measured  data  (Figure  45) . 
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(a)  Flight  34-A,  7309  lb,  194.3  In.  eg,  Hog  Configuration 
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(b)  Flight  40-A,  9617  lb,  195.2  in.  eg,  Hog  Configuration 


True  Airspeed  (kt) 

(d)  Flight  280-A,  7403  lb,  191.5  in.  eg,  Clean  Wing  Configuration 


Figure  35.  Comparison  of  Measured  and  Computed  Pitch  Attitude 
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\a)  Flight  34-A,  7309  lb,  194.3  in.  eg,  Hog  Configuration 
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(b)  Flight  40-A,  9617  lb,  195.2  in.  eg,  Hog  Configuration 
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(e)  Flight  277-B,  9645  lb,  192.6  in.  eg,  Hog  Configuration 
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(d)  Flight  280-A,  7405  lb,  191.5  in.  eg,  Clean  Wing  Configuration 

Figure  38.  Comparison  of  Measured  and  Computed 
Longitudinal  Cyclic  Stick  Position. 
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(a)  Flight  34-A,  7309  lb,  194.3  in.  eg,  Hog  Configuration 


ISHUBffliSna 


HHiiiBiigiiniiii 

!■■■■■■■■■■■■■■■■■■■■! 

IBBBBBBBBBBBBlHlBBBBBBr 


sssssasiuiiniinHiuiEnBHl 
gaBaBBgiBBBai^88B!8S 
I ■ i ksss::::::: 


■■■■■■■■■■■■■■acessBMBi 


IBBBBBBBBBBBBBBBBBaBJB 
IBBBBBBBBBBBBBBBS^aBBB 
HilBBBBBBBVbiBBflBflBfl 


S8B8SSBE8BBSBSI 


Oscillatory  Main  Rotor  Chordwise  Bending  Moment,  Station  60  (in. -lb) 


O Flight  Test  Data 
— Computed  Data 


!■■■■■■■■■■■■■■■■■■■■■»■■■■■■■■ 


mi 


(a)  Flight  34-A,  7309  lb,  194.3  in.  eg,  Hog  Configuration 
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(b)  Flight  40- A,  9617  lb,  195.2  in.  eg,  Hog  Configuration 

Figure  42.  Comparison  of  Measured  and  Computed  Oscillatory 
Main  Rotor  Chordwise  Bending  Moment,  Station  60 
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TABLE 

XVII.  C81 

INPUT  LISTING  FOR 

AH-1G 

P10C204E 

J.R.  VAN  GAASMIK  <02-02-741 

NCOfl  209  PROGRAM  LOGIC  GROUP 

AG 

PROGRAM  LOGIC  GROUP 

0 1 

5 0 

0 2 

0 0 

-I  3 

0 0 

0 0 

0 1 

0 1 

7 -1 

1 0 

0 0 

1 1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

CLC09474 

P.V.MSI6H 

<1-24-741 

MOOEL  209  N/R  AIRFOIL  DATA  TA6LF 

AG 

MODE  5404 

J.R.  VAN  GAASBFCK  <4-2-741 

940290  540  RLAOF 

KITH  TORSION  HSPFT 

FLOE  2094 

J.R.  VAN  G AAS6F6K  <3-22-741 

CLEAN  COBRA  FUSF1AGF 

, AFT  CG 

FUSELAGE  GROUP 

7477.000 

700.0000 

0.0 

54.00000 

200.0000 

0.0 

60.00000 

7749.000 

11610.00 

9900.000 

5 FO .0000 

0.0 

O.0 

0.0 

-4.113799 

0.0 

0.0 

0.0 

0.0 

0.0 

-C .16492006-01 

0.1794500E-01 

0.2739770 

-0.19030006-02 

0.71099966-03  * 

0.94629976-02 

-0.1530000E-0  3 

0. '0500006-03 

9.900000 

0.0 

156.1000 

64.70000 

0.0 

0.0 

-0.2696200E-01 

0.4J4I300E-01 

-0.702 20991 “01 

-0.  19700  006-03 

O.S7ROOOOF-03 

0.1 266100F -01 

0.1000000fc-04 

0.65999996  -04 

“4.904400 

0.0 

0.0 

0.0 

300.0000 

0.0 

0.4389170 

-0. 749749 9 C -01 

4.649017 

0.1  3900 OOF -01 

-0.80100 OOF-O? 

-0. 5651300F-01 

0 . 1 731000E-0? 

-C . 3 10  lOGOf  -02 

0.0 

11.74000 

45.00000 

0.3995540 

0.43571006-01 

0.410*9996-03 

-0. 3699999!  -04 

1 *498493 

0.41 496006-0 l 

0.235  1000E-07 

-0 .35710006-0? 

-0 • 2 769990 C —03 

P. 2*140006 -0? 

-0.5  TV 99  99  E- 06 

0.0 

-140.0000 

45.00000 

0. 5549997E-0? 

-0.2209679 

-0.1399700C-01 

0.01199996-03 

-4.299*9* 

-0.40060006  -01 

-0.4  74 00006-07 

0.301 lOOOE-O? 

-0.959999*6 -04 

-0.4C42O00F-07 

-0.202 00 OOE -03 

400.0000 

0.0 

0.0 

-6.737113 

0.6®3*7**E  -01 

0. *2640006-02 

-0,1 0400001 -02 

19.94142 

0. 12540 00E-O2 

-0. 3040000 F -07 

0. 1 7 31 3006-01 

O.2910000F-02 

-0. 302 5000 E -02 

-0.1  6*»OuOO!  -03 

46602094 

J.R.  VAN  CAASPFFK 

<04-05-741  / CARL  MATTMVS  <06-01-701 

MODEL  209. 

MAIN  ROTOR  IS  l'J  GROUP  PN6  AND  TAIL  ROTOR  IS  IN  GROUP  TUP. 

RTR 

AERODYNAMIC  GROUP 

0.6400000 

1.270000 

1.299999 

-0. 7000000 

0.0 

0.0 

0. 7000000 

0.94999971-01 

0.0 

0.47500 OOF  -01 

0.0 

0.99999966-02 

0.0 

0.3000000E-04 

0.40000001 -01 

0.1400000 

0.9333324F-01 

1.000000 

0.0 

1.000000 

t .‘000000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

60.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.li 

0.4400000 

1.270000 

1.299999 

-0.7000000 

0.0 

0.0 

0.7000000 

0.94999971 “01 

0.0 

0.4750000F-01 

0.0 

O.9999990F-O? 

0.0 

0. 3000000  E -04 

0 • 400 0000 E -01 

0.3400000 

0 .699 9997 F -01 

0.0 

0.0 

0.0 

0 .0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

O.G 

MNRT209D 

J.R.  VAN  GAAS666K  <06-22-74) 

MODEL  209  MAIN  POTCR 

GPPUP 

AG 

MAIN  ROTOR  GRWJP 

7.000000 

4.500000 

0.0 

22.00000 

27.00000 

-10.00000 

12.00000 

700.0000 

0.0 

157.6200 

475.00 OC 

1411.600 

0.4910000F-01 

0.0 

17.00000 

0.0 

10000.00 

0.0 

0.9700000 

o.o 

3.400000 

7.790000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

200.0000 

0.0 

152.8200 

3.500000 

-0.2500000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

TLRT2096 

JOHN  M.  0AV1S 

<10-09-731 

DATA  DECK 

FURNISHED  TO  USAANRDL  UNDfR  CONTRACT  OAA J02-72-C-0096 

TAIL  ROTOR  GROUP 

2.000000 

0.0 

0.0 

4.750000 

6.410000 

0.0 

11.00000 

970.7000 

“14.65000 

116.2700 

14.94000 

1 . 394000 

0.7510000 

0.0 

0.0 

0.0 

10000.00 

0.0 

0.0 

0.0 

0.5000000 

1.900000 

0.0 

30.00000 

0.1169999 

0.0 

0.0 

0.2000000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.2500000 

0.0 

0.0  1 

0.0 

0.0 

90.00000 

0.0 

0.0 

0.0 

0.0 

W 1*02090 

J.R.  VAN  GAASBEf R <11-30-731 

MOOEL  209  WING  GROUP 

(FIIFO  SURFACE) 

AG 

WING  GROUR 

27.79999 

192.0000 

39.00000 

62.00000 

14.00000 

3.500000 

11.00000 

9.910000 

0.4470000 

0.5470000 

7.419999 

0.0 

9.200000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.9000000 

0.5000000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.9400000 

1.290000 

1.200000 

0.0 

0.0 

0.0 

1.099999 

0.1070000 

0.0 

0.5  3500 OOF -01 

0.0 

0.99999961-07 

0.0 

0 .33300001-03 

0.0 

0.2000000 

0.0 

0.0 

0.0 

0.0 

0.0 

*0.20000001-02 

-0.9000000E-02 

0.9200000 

0.0 

0.0 

0.0 

0.0 
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TABLE  XVII.  - Concluded 

STU2040 

J.R.  VAN  CAASIffR  111-30-731 

MOOCL  204  R/H  HORIZONTAL  STARL  IZF* 

AC 

STA8IL1 2(8  NO.  1 CROUP 

7.34**** 

34*. 9000 

22.04444  94.00000 

0.7000000 

0.0 

14.90000 

1.4*0000 

1.347000 

0.4400000  0.0 

0.0 

2.000000 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

1.900000 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.1400000 

1.290000 

1.200000  0.0 

0.0 

0.0 

1.200000 

0.  •4444491-01 

0.0 

0.4390000E-01  0.0 

0.7444448  (H>2 

0.0 

0.321 344*1—03 

0.4000000(H)! 

0.2000000 

0.1900000  0.0 

0.3 3 20000  (-01 

0.0 

0.0 

-O.  7000000(H); 

-0.40000001  H>2 

0.8200000  0.44444441-01 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.1273000 

0 ■!  33*000 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

STAB204E 

J.R.  VAN  GAASRfi*  111-30-731 

HOOEL  204  l/H  HORIZONTAL  STA9L1ZIR 

-AG 

STAB IL1 1(8  NO.  2 GROUP 

7.344444 

34*. 9000 

-22.04444  94.00000 

0.7000000 

0.0 

14.90000 

1.490000 

1.347000 

0.4400000  0.0 

0.0 

2.000000 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

1.900000 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0400000 

1.250000 

1.200000  0.0 

0.0 

0.0 

1.200000 

0.14 44449 (-01 

0.0 

0 .4350000  ( H)1  0.0 

0.0 

0.32*3***E-03 

0.4000000(H)! 

0.2000000 

0.1900000  0.0 

0.3320000E-01 

0.0 

0.0 

H).  7000000(H)  2 

-0.40000 00(H)  2 

0.8200000  0.64444441-01 

0.0 

0.0 

0.0  1 

0.0 

0.0 

0.0  0.8271000 

0.1334000 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

STAB204C 

JOHN  H.  0AVI5  110-04-731 

OATA  Of C* 

FURNISHED  TO  USAANROl  IJN 0(8  CONTRACT  OAA J02-72-C -0068 

STABILIZER  NO.  3 GROUP 

la. 94444 

901.00  00 

0.0  84.00000 

4.500000 

40.00000 

47.00000 

1.! 94444 

0.6670000 

0.4400000  0.0 

0.44444467-01 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.1744944 

0.2000000E-02 

0.0 

0.0 

0.0  0.4000000 

-40.00000 

-20.00000 

0.0 

0. *400000 

1.290000 

t .200000  0.0 

0.0 

0.0 

1.200000 

0. 44444441 -01 

0.0 

0.50OC00OE-01  0.0 

0.7444448f-02 

0.0 

O.I370OOOE-O3 

0. 400 0000 E -01 

0.2000000 

0.1*00000  0.0 

0.3320000E-01 

0.0 

0.0 

-0.200 0000 (-02 

-0.40000  OOF -02 

0. *200000  -0. 50000001-01 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0  0.0 

0.0 

0.0 

0.0 

CNTA204O 

J.«.  VAN  GAASBEIR  111-30-731 

CONTROLS  GROUP  FOR  SHIP  20002  144-19246) 

CONTROLS  group 

10.00000 

8.300000 

21.00000  0.0 

0.0 

0.0 

0.0 

12.00000 

-13.60000 

77.00000  0.0 

O.C 

0.0 

0.0 

12.00000 

l 

« 

-w 

i 

<* 

4 

4 

18.00000  0.0 

0.0 

0.0 

0.0 

4.900000 

-10.00000 

30.00000  0.0 

0.0 

0.0 

0.0 

11(82048 

J.R.  VAN  GAAS8EFK  13-15-741 

ITERATION  UNITS  G*CUP  FOR  CONTRACT  OAA J02-T3-C-0042 

ITERATION  G»CUP 

41.00000 

10.00000 

2.000000  0. 5000000 

0.0 

0.0 

0.3000000 

0.2000000 

0.2000000 

1500.000  900.0000 

1.000000 

0.*646666f-01 

2000. 000 

90.00000 

90.00000 

50.00000  100.0000 

100.0000 

100.0000 

10.00000 

FLIGHT  CONSTANTS  G*OUP 

170.3090 

0.0 

-26.00000  1800.000 

-1.223864 

-4.718634 

-0.5000000 

32.00419 

65.41121 

42.6308*  46.4*40* 

0.0 

0.0 

0.0 

-0.1140000 

-1.116400 

3.162430  -1.106604 

7134.540 

354.0444 

0.0 

0.0 

0.0 

2000.000  6600.000 

1.000000 

3800.000 

66.00000 
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TABLE  XIX.  540  AIRFOIL  TABLE  USED  IN  C81 


SUP  EH  MO  tcriftSUPF*  MO  6*1'D  r-i  63  l3A  T A lAHitS  »H?r» 
Cl 


J 

4t»HA/NA«  H 

).0 

0.  10  300 

0.40000 

0.60000 

ISO. 00000 

3.C 

4.0 

0.0 

0.0 

- 1/2. OOOOO 

3. 78000 

o.  7«no0 

0.  7400  ) 

C. 78090 

I 

- 1*1.0000) 

0. 4.000 

C. 67300 

0.62000 

0.67000 

t 

'147.00000 

1.00090 

1 .0000*1 

1. OOOOO 

1.90000 

» 

-129.00000 

l.ooooc 

1 .00900 

l. OOOOO 

1.00000 

l 

-49.00000 

-1.1800C 

-1.18  503 

-1.16000 

- 1 • 1 80u9 

-11.00000 

-1.18000 

-1  .16  700 

-1 .18000 

-1.18000 

1 

21. OOOOO 

-0.80000 

- 0.81  100 

-0.86000 

-0.84000 

{ 

-IB.  Ol’OOO 

0.4M9C 

-0.84400 

-0.48230 

-0.8  *000 

\ 

-14.00000 

1.1 7000 

-1.17400 

-0.92840 

•0.67100 

‘ 

•17.00400 

1.73000 

-1.74309 

-0.9J500 

-0.867J3 

-11.00000 

-1.18000 

-1. 18000 

-0.91440 

-0.86740 

/ 

-IO.COOOO 

-1.07030 

-1.07000 

-0.91000 

-0.85100 

-0.00000 

•0.96800 

-C.9t>800 

-0.92000 

-0.83800 

-1.00000 

-0.860C0 

-0.86000 

-0.89000 

-0.81300 

-7.00000 

-0. 7*100 

-0.  ?r>100 

-0.6)090 

-0. 78400 

-6.C00Q0 

-9.64*.0" 

-9.64  500 

-0.71000 

-0.74400 

-4.04000 

-0.41000 

-0.41000 

-0.47400 

-0. 52409 

-7. OOOOO 

-9.71400 

-0.71400 

-0.2)700 

-3.76200 

? 

0.0 

9.0 

0.0 

0.0 

0.0 

2. 00000 

0.71400 

0.31500 

0.73700 

0.26730 

4.00000 

0.41000 

0.41000 

C. 47400 

9.52430 

i 

6.00000 

0.64100 

0.64600 

0.71000 

0.  74500 

! 

7.00000 

0. 75100 

0.  75100 

0.8)000 

0. 78440 

a.ocooo 

0.86000 

0.86400 

0.89000 

0.81)00 

9.00000 

0.96800 

0.96  8 00 

0.92000 

0.8380C 

i 

lO.OOCPO 

1.07500 

1.07500 

0.91000 

0.8430C 

II. 00000 

1.16400 

1.  18400 

0.93400 

0.86200 

13.00000 

1.77000 

1.33000 

0.93  500 

0.  86700 

14.00000 

1.17740 

1.  17200 

0.92800 

0.87190 

18.00000 

0. 88800 

0.85  800 

0.58700 

0.87090 

71.00904 

0.80000 

0.81000 

0.85000 

3.850C0 

J9.C0000 

1.18900 

1 .18000 

1.18000 

1. 18300 

49.00000 

1.18000 

1.18000 

1.1 8000 

t. 18000 

i 

17V.0C300 

-l. ooooo 

-1.00400 

-l. OOOOO 

-1.90000 

* ’• 

1 4 r.  ooooo 

-1.00000 

-l.  OOOOO 

-1.00000 

-1.00990 

161,00000 

-0.67000 

-0.63000 

-0.67000 

-0.O7090 

I 

172.50000 

-0.78000 

-0. 78  000 

-0. 76000 

-0. 78090 

180.00000 

o.c 

0.0 

0.0 

3.0 

0.65300 

0.70000 

0.  75090 

0.60000 

0.84000 

O.'IQnp  > 

1 .0901*0 

0.0 

0.0 

0.9 

0.0 

0.0 

9.0 

0.0 

0.  78009 

0.78000 

0. 78000 

9.70090 

0.78CC0 

0. 75000 

0.7H000 

0.67000 

0.67000 

9.42090 

3. *7 COO 

C. 6/000 

3.  Vj3Q 

o.  t2n"0 

1.00030 

1.00000 

1.00000 

1.03000 

1.9000C 

1 ■ ooooo 

l.OOCCO 

1.00000 

i. ooooo 

1.30000 

1 .09000 

1.90330 

1.44000 

l. ooooo 

-i.iaooc 

-1.18000 

-1.18000 

-1.18000 

-l.  M03C 

-1  1*00’ 

- 1.  1 40  it 

-1.18000 

-N  18000 

-1.18000 

-1.18000 

-1.  18,393 

-1.  .*•000 

-l.  inonp 

-0.85000 

-0.85000 

-0.  71530 

-0.68900 

-0.66400 

-0.64000 

-0.64  1)0 

-0.87004 

-0.86400 

-0. 75400 

• 0.72200 

-0.64 800 

•9.67000 

-0.67.80C* 

-0.87290 

-0.85)00 

-0.84190 

-0.80100 

-0.7ft. CO 

-3. 77800 

-9.  7 7 H 30 

-0.36700 

-0.81400 

-0.84090 

-0.81000 

-0. 77000 

0.  7*.  ,40 

-0.75730 

-0.86000 

-0.82900 

-0. 8 1?Oo 

-0.81200 

-0. 77700 

-0. 7*000 

-0. 77690 

-0.85400 

-0.81500 

-3.73090 

-0.80)00 

•0. TfOOO 

-0.  1 1400 

-0.  704  /i 

-0.84000 

-0.80500 

-0.80100 

-0. rsino 

-0. 71290 

• Tf  MOO 

-0.6729C 

-0.81900 

-0.77600 

-3. 78040 

-0. 75100 

-C. 71090 

-0.69J00 

-0.6120C 

-0. 79600 

-0.75400 

-0. 74200 

-0.72000 

-C. 70430 

•'».  64290 

-3.4* IOC 

-0. 72200 

-0.  73100 

-9.67400 

-0.67200 

-0.  ftftftOO 

-0.60130 

-0.47090 

-0.54600 

-0.  >8900 

-0.56490 

-0.56000 

-0.5700C 

-0.  *»430C 

-3.36030 

-0.27800 

-0.29830 

-0.  11730 

-0.31700 

-C.26C90 

-0.2*400 

-0.  1*090 

0.0 

0.0 

9.0 

0.0 

0.0 

5.P 

0.0 

0.27830 

0.26800 

3.31230 

0.51200 

0.76003 

0.22400 

0. 1BOOO 

0.55600 

0.58900 

0.56500 

0.56000 

0.52900 

0.45030 

0.  160  00 

0. 72200 

3.  72109 

0.67400 

0.67700 

0.66840 

0.7.0100 

0. 47*00 

0. 78500 

0.76400 

0. 74200 

0.72030 

0.70430 

0.6*  200 

0.50100 

0.91930 

0.  77800 

0.7809C 

0.75)09 

0. 7)000 

0.69000 

3.61290 

0.84300 

0.8050C 

0.50100 

0.70100 

0. 75740 

0.  7|  000 

0.67700 

0.86400 

0.61500 

0.82000 

0.00)30 

0. 77000 

0. 7)430 

0. 70500 

0.96000 

0.82900 

3.8)230 

0.81200 

0. 7 * 700 

0.  740fr, 

0.  T260G 

0.56700 

3.  8 <900 

3.84090 

0.81800 

0.77800 

0.  7400  3 

o.  moc 

0.87200 

0.84100 

0. 84 1 30 

0.80109 

O.T&TOC 

o.  T?*no 

0.72030 

0.  3 7000 

0.86  400 

0. 75400 

0.  72200 

0.64600 

0.67000 

0.66«9C 

0.86000 

0.85000 

0.71500 

0.68000 

0.66430 

0.64000 

3.  64  IOC 

l.  19000 

1.18000 

1.18003 

1.18000 

1.18000 

1.18000 

1.10330 

1.18000 

1.18000 

1.18000 

1.18001 

1.18009 

1 . 14C90 

1.14000 

-1.90000 

-l. OOOOO 

-l. OOOOO 

-1.00303 

-1.04000 

•1.00000 

-1.00000 

-l.OOOOC 

-l. OOOOO 

-1.000)3 

-l. OOOOO 

-l. ooooo 

-1.00000 

• i • 09930 

-0.62000 

-0.62000 

-0.7/2000 

• 0.62000 

-0.623C0 

-0.62000 

-0.62093 

-0. T8030 

-9.  7800C 

-0.73000 

0. 70000 

-O.78OG0 

-o.  mroo 

-0.70090 

0.0 

0.0 

0.3 

0.0 

0.0 

5.0 

0.0 
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TABLE  XIX.  - Continued 


SUOE9  540  EXPOSURE*  540  EXPO  CICO  DATA  TABLES  USEO 
CO 


ALBHA/MACH 

0.0 

0.10000 

0.50000 

0.60000 

0.65000 

0. 70000 

0.75000 

0.80000 

0.93000 

0.90000 

1.00000 

-110. 00000 

0.02200 

0.02200 

0.02200 

0.02200 

0.02200 

0.02200 

0.02200 

0.02700 

0.02200 

0.02200 

0.02200 

-ITS. 00000 

0.04  200 

0.04200 

0.04200 

0.04200 

0.06200 

0.06200 

0.06200 

0.06200 

P.04200 

0.06200 

0.06700 

-110.00000 

0.11200 

0.11200 

0.11200 

U. 13200 

0.15200 

0.11200 

0.11200 

0.11200 

0.15200 

0.1)200 

0.1320C 

-144.00000 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.24700 

-140.00000 

0.10200 

0.10200 

0.50200 

0.50200 

0.10200 

0.10200 

0.10200 

0.10200 

0.50230 

0.30200 

0.30790 

-140.00000 

1.04200 

1.04200 

1.04200 

1 *04  700 

1.04200 

1.04200 

1.04200 

1.04200 

1.04200 

1.04200 

1.04290 

-110.00000 

1.45200 

1.45200 

1.45200 

1.65200 

1.45200 

1.65200 

1*45200 

1*49200 

1.45200 

1.69200 

1.65200 

-110.00000 

1.85200 

1.84200 

1.85200 

1.85200 

1.95200 

1.85200 

1.85200 

1*85200 

1.95200 

1.95200 

1.95200 

-100.00000 

2.00200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00200 

7.00200 

-40.00000 

2.02200 

2.02200 

2.02200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00  200 

*.00230 

2.00200 

2.00700 

-80.00000 

1.94200 

1.94  200 

1.94200 

1.94200 

1.94200 

1.96200 

1.96200 

1.96200 

1.96200 

1.46200 

1.96700 

-TO. 00000 

1.84200 

1.84200 

1.84200 

1.94230 

1.84200 

1.84200 

1.84200 

1*84200 

1.84200 

1.84200 

1.94290 

-40.00000 

1.44200 

1.44200 

1.44200 

1.46200 

1.66200 

1.64200 

1.66700 

1.46200 

1.46200 

1.66200 

1.66200 

-50.00000 

1.19200 

1.19200 

1.19200 

1.59200 

1.19200 

1.19200 

1.19200 

1*59200 

1.59200 

1.  19200 

1.59290 

-10.00000 

0.40000 

0.40000 

0.40000 

0.60000 

0.60000 

0.40000 

0.60000 

0*60000 

0.60000 

0,60009 

0.60000 

-28.00000 

0.54000 

0.54000 

0.94100 

0.57900 

0.57800 

0.58100 

0.58100 

0*59100 

0.59100 

0.58100 

0.59100 

-24.00000 

0.48000 

0.48000 

0.52200 

0.54500 

0.54500 

0.54700 

0.5580C 

0.55800 

0*55800 

0.55800 

0.59900 

-24.00000 

0.42000 

0.42000 

0.44900 

0.50000 

0.50200 

0.51200 

0.52400 

0*52400 

0.52400 

0.52600 

0.92600 

-22.00000 

0.14800 

0.15800 

0.40900 

0.44900 

0.46100 

0.47200 

0.48900 

0*49100 

0.49100 

0.49100 

0.49 IOC 

-20.00000 

0.29900 

0.29900 

0.15100 

0.59600 

0*41400 

0.43100 

0.45100 

0*45500 

0.45100 

0.45100 

0.49300 

-18.00000 

0.24000 

0.24000 

0. 10000 

0. 54500 

0.57000 

0.18400 

0.40700 

0.41400 

0.41900 

0.41900 

0.41990 

-14.00000 

0.19100 

0.19100 

0.25100 

0.50000 

0.12600 

0.S4100 

0.55800 

0.54700 

0.38100 

0.38900 

0.39900 

-15.00000 

0.14700 

0.14  700 

0.25200 

0.27500 

0.10100 

0.51800 

0*13500 

0* 54700 

0.54500 

0.17200 

0.17200 

-15,50000 

0.11500 

0.11500 

0.20200 

0.24400 

0.27100 

0.28100 

0,29900 

0*50900 

0.31900 

0.35000 

0.35100 

-12.50000 

0.10050 

0.  10050 

0.17500 

0.22000 

0.24900 

0.24100 

0.27400 

0*28500 

0.12100 

9.1)500 

0.5)600 

-11.50000 

0.04400 

0.04400 

0.14200 

0.19900 

0.22600 

0,21800 

0.25100 

0*24100 

0*30200 

0.51900 

0.12100 

-10.40000 

0.C2400 

0.02400 

0.11000 

0.15800 

0.19500 

0.21200 

3.22900 

0.24000 

0*21700 

0.50  700 

0.10500 

-9.50000 

0.01750 

0.01750 

0.07800 

0.12700 

0.16400 

0,18800 

0.20400 

0.21800 

0.26900 

0.76700 

0.29100 

-8.50000 

0.01250 

0.01250 

0.04900 

0.09600 

0.11100 

0. 16200 

0.18000 

0*19500 

0.25000 

0.26900 

0.27100 

-T.50000 

0.01020 

0.01020 

0.02740 

0.04400 

0.10200 

0.11200 

0.15500 

0*17100 

0.21000 

0.25000 

0.25700 

-4.50000 

0.00920 

0.00920 

0.01240 

0.05900 

0.07100 

0.10200 

0.12700 

0.14400 

0.21000 

0.21000 

0.21900 

-5.50000 

0.00840 

0.00850 

0.01000 

0.02210 

0.04150 

0.07(50 

0.09850 

0*12000 

0.11700 

0.21100 

0.21090 

-4.50000 

0.00800 

0.00800 

0.00920 

0.01540 

0.02000 

0.04100 

0.07000 

0*10000 

0.16600 

0.19000 

0.19430 

-1.50000 

0.00790 

0.00  790 

0.00840 

0.00990 

0.01280 

0.02600 

0,04500 

0.07000 

0.14100 

0.16400 

0. 1 7600 

-2.50000 

0.00740 

0.08*48 

0.00780 

0.00790 

0.00910 

0.01450 

0.02700 

0.04200 

0.11000 

0.14000 

0.15000 

-1.50000 

0.00*18 

0.00*18 

8*00*10 

0.00700 

0.00750 

0.00980 

0.01450 

0.02450 

0.07009 

0.10500 

0.12000 

-0.50000 

0.00480 

0.00480 

8.00480 

0*884*0 

0.00650 

0.00720 

0. 008*0 

0.01680 

0.05000 

0.07200 

0.09900 

0.0 

4.00408 

0.00410 

8.00670 

0.00440 

0.00650 

0. 00680 

0.00740 

0.01300 

0*04500 

0.04900 

0.09100 

0.50000 

0~O04Ot 

0.88480 

0.00680 

0.004*0 

0.00650 

0.00720 

0.00890 

0.01480 

0.05000 

0.07200 

0.0950C 

1.50000 

f jvtrxi 

0.80*10 

O.OOUO 

0.00*00 

0.00710 

0.00980 

0.01650 

0.02450 

0.07090 

0.10900 

0.17090 

2.50000 

f 

O.WtAO 

0 00780 

0.00*90 

o. 00910 

0.01450 

0.02700 

0.04200 

0.11000 

9.14000 

0.15000 

1.50000 

C 09T-WJ 

0.88  It* 

0 00980 

0.00890 

0.01280 

0.02600 

0.0*500 

0.07000 

o.moo 

0.16400 

0.17600 

4.50006 

o.ooooo 

0. 99044 

0.01540 

0.02000 

0,04 JOO 

0.07000 

0.10000 

0.16600 

0.19000 

0.19890 

s.soooo 

0.00840 

0.088m 

o.Stwo 

0.02210 

0.04150 

u. 07150 

0.09850 

0.12000 

0.19700 

0.21100 

0.22000 

4.50000 

0.00910 

O.OOltj 

8.81199 

0. 05900 

0.07100 

0.10200 

0.12700 

0.14400 

0.21000 

0.23000 

0.2)900 

T.5000C 

8.81020 

0.018*0 

9.92*40 

0.04400 

0.10200 

0.13200 

0.15500 

0.17100 

0.23000 

0.25000 

0.25700 

8.50000 

4.01190 

0 01  MO 

0.04900 

0.0940C 

0.11500 

0.16200 

0.18000 

0.19500 

0.25000 

0.  26900 

0.27)00 

9.50000 

0.01 *90 

0.01750 

0.07800 

0.12700 

0.14400 

0.18800 

0.20400 

0.21800 

0.26900 

0.29700 

0.29100 

10.40000 

0.02400 

0.02400 

0.11000 

0.15800 

0.19500 

0.21200 

0.22900 

0.24000 

0.28700 

0. 50200 

0.10500 

11.50000 

0.04400 

0.0440C 

0.14200 

0.18900 

0.22600 

0.21800 

0.25100 

0.24100 

0.30200 

0.31900 

9.32100 

12.50000 

0.10050 

0.10050 

0.17500 

0.22000 

0.24900 

0. 26  ICO 

0.27400 

0.28500 

0.12100 

0.35900 

0.1)690 

11.50000 

0.11500 

0.11500 

0.20200 

0.24400 

0.27100 

0.2810 J 

0.29900 

0.50900 

0*31900 

0.39000 

0.19100 

15.00000 

0.14700 

0.14  700 

0.21200 

0.27500 

0.10500 

0.11800 

0.11100 

0.54200 

0*34500 

0.37700 

0.17200 

14.00000 

0.19100 

0.19100 

0.25300 

0.10000 

0.  12400 

0.14100 

0.15800 

0.54700 

0*39100 

0.38400 

0.1B90C 

18.00000 

0.24000 

0.24000 

0.50000 

0.54503 

0*17000 

0.18600 

0.40700 

0.41400 

0*41900 

0.41900 

0.41900 

20.00000 

0.29900 

0.29900 

0.55100 

0.59600 

0.41400 

0.41100 

0.45100 

0.45300 

0.45300 

0.49300 

0.49300 

22.00000 

0.15800 

0.15800 

0.40900 

0.44800 

0.46100 

0.47200 

0.48900 

0.49100 

0.49100 

0.49100 

0.49100 

24.00000 

0.42000 

0.42000 

0.44900 

0.50000 

0.50700 

0.51200 

0.52600 

0.52600 

0*52600 

0.52600 

0.92600 

24.000  00 

0.48000 

0.48000 

0.52200 

0.54500 

0.54500 

0.54700 

0.55800 

0.55900 

0.55830 

0.55900 

0.59900 

28.00000 

0.54  0 00 

0.54000 

0.56500 

0.57800 

0.57800 

0.58100 

0.58100 

0.58100 

0.59100 

0.50100 

0.59100 

10.00000 

0.40000 

0.40000 

0.40000 

0.40000 

0.60000 

0.40000 

0.40000 

0.60000 

0.60000 

0.60000 

0.60000 

50.00000 

1.19200 

1.19200 

1.59200 

1.19200 

1.39200 

1.19  ICO 

1.19200 

1.19200 

1.59200 

1. 39200 

1.19200 

40.00000 

1.44200 

1.44200 

1.44200 

1.66200 

1.64200 

1.46200 

1.44200 

1.66200 

1.66200 

1.66200 

1.66200 

70.00000 

1.84200 

1.84200 

1.94200 

1.94200 

1.84200 

1.84200 

1.94700 

1.84200 

1.84200 

1.84200 

1.94700 

80.00000 

1.94200 

1.94200 

1.96200 

1.96200 

1.96200 

1.96200 

1.96700 

1.96200 

1.96200 

1.96200 

1.96200 

90.00000 

2.02200 

2.02200 

2.02200 

2.00200 

2.00200 

2.00700 

2.00200 

2.00200 

2.00200 

2.  00200 

2.00700 

100.00000 

2.00200 

2.00  200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00200 

2.00700 

2.00700 

2.00200 

2.00200 

110.00000 

1.15200 

1.85200 

1.65200 

1.85200 

1.85200 

1.85200 

1.85200 

1.85700 

1.95200 

1.95200 

1.99200 

120.00000 

1.44200 

1.45200 

1.45700 

1.65200 

1.65200 

1.45200 

1.65200 

1.65200 

1.65700 

1.65200 

t. 65200 

140.00000 

1.04200 

1.04200 

1.04200 

1.04200 

1.94200 

1.04209 

1.04200 

1.04200 

1.04209 

1.04200 

1.04200 

140.00000 

0.10200 

0. 10200 

0.50200 

0. 10200 

0.10200 

0.10200 

0.10200 

0.10200 

0.30200 

0.  30200 

0.  10200 

145.00000 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.24200 

0.74203 

0.24200 

0.24290 

0.24200 

0.24700 

170.00000 

0.11200 

0.11200 

0.15200 

0.15200 

0.11200 

0.11200 

0.13200 

0.13200 

0.11200 

0.13200 

0.1)200 

175.00000 

0.04200 

0.04200 

0.04200 

0.04200 

0.06200 

0.06  200 

0.06200 

0,06700 

0.06200 

0. 06200 

0.06700 

180.00000 

0.022CO 

0 . 02200 

0.02200 

0.02200 

0.02200 

0.02200 

0.07200 

0.02200 

0.02700 

0.07200 

0.02700 

TABLE  XIX 


Concluded 


SU*f8  *40  ext’DSUM"  940  (IT'D  CICO  OAT*  TABUS  USED 
CM 


AlPHA/MACM 

0.  '0000 

0. 90300 

0.40000 

0.93030 

0.60000 

0.  70000 

0. 75000 

0.80000 

-160.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-170.00000 

9.40000 

0.40000 

0.40000 

0.40000 

0.40000 

0.4000  0 

0.40000 

0.40000 

-169.00300 

% 90000 

0. 90000 

0.90000 

0.90000 

0.90000 

0. 10000 

0.90000 

0.90000 

-160.00000 

0.90000 

0.90000 

0.90000 

C. 93000 

0.9000C 

0.  90000 

0.90000 

0.90000 

-114.00900 

0.40000 

0.40000 

0.5C000 

0.40000 

0.90000 

0.40000 

0.40000 

0.90000 

-90.00000 

0.50000 

0.40000 

0.40000 

0.9000C 

0.50003 

0.5000“ 

0.50030 

0.50090 

-10.00000 

0.17400 

0.16400 

0.19600 

0.21400 

0.29900 

0.25000 

0.26430 

0.27700 

-29.00000 

0.11200 

0. 11800 

0.12600 

0. 14400 

0.14700 

0.17100 

0.16900 

0.20600 

-16.00000 

0.07900 

3.07800 

0.00600 

0.09700 

0.10103 

0.11700 

0.19700 

0.17600 

-14.00000 

0.04400 

0.06400 

0.07)00 

0.  06400 

0.09700 

0.11100 

0. 1 9900 

0.17)00 

-14.00000 

o.c 

0.02  700 

0.04400 

0.06  600 

0.06400 

0.10900 

0.12730 

0.16700 

-19.09000 

0.0 

0.00140 

0.02400 

0.04030 

0.07400 

0.09900 

0. 12200 

0.16900 

-12.00000 

9.0 

''.O 

0.00200 

0.09000 

0.04000 

0.08900 

0.11600 

0.14700 

-l  l.COOOO 

0.0 

0.0 

-0.00)00 

0.01400 

0.04600 

0.07400 

0.10600 

0.14900 

-to.oooco 

0.0 

0.0 

-0.00200 

0.00200 

0.09200 

0.06500 

0. 10000 

0.14200 

-9,00000 

0.0 

0.0 

0.0 

-0.00900 

0.01400 

0.09400 

0.06900 

0.1)200 

-8.00000 

0.0 

0.0 

0.0 

-0.00403 

0.00500 

0.04100 

3.00230 

0.12)00 

-7.00000 

0.0 

0.0 

0.0 

0.0 

-0.00400 

0.02793 

0.37230 

0.11290 

-6.00000 

O.n 

4.0 

0.0 

0.0 

-0.30900 

0.01600 

0.06290 

0.10900 

-4.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.00500 

0.04000 

0.07600 

-1.00000 

0.0 

0.0 

0.0 

0.0 

0.3 

-0.00900 

0.02600 

9.06690 

-2.C0000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.01)30 

0.09)00 

-l. 00000 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.00)40 

0.09)00 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

l.COGOO 

0.0 

0.0 

0.0 

2.0 

0.0 

0.0 

-0.90400 

-0.99900 

2.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

-0.01900 

-0.09)00 

9 .00000 

0.0 

c.o 

0.0 

0.0 

0.0 

0.00290 

-0.02600 

-0.06700 

4.00000 

9.0 

0.0 

0.0 

0.0 

0.0 

-0.00500 

-0.04000 

-0.07600 

6.00000 

0.0 

0.0 

0.0 

0.0 

0.00900 

-0.01600 

-0.06)00 

-0.10000 

7.00000 

0.0 

0.0 

0.0 

0.0 

0.00400 

-0.02600 

-0.07200 

-0.11)00 

6.00000 

0.0 

c.o 

0.0 

0.00400 

-0.00500 

-0.04100 

-0.06200 

-0.12900 

9.09COO 

0.0 

0.0 

0.0 

0. CO 900 

-0.01400 

-0.05400 

-0.06900 

-0.1)200 

10.00000 

0.0 

0.0 

0.00190 

-0.00200 

-0.09200 

-0.04  4 00 

-0.10000 

-0.14200 

11.00000 

0.0 

0.0 

0.00900 

-0.01400 

-0.04600 

-0.07400 

-0.10600 

-0.14900 

12.90000 

0.0 

0.3 

-0.00200 

-0.0)000 

-0.06300 

-0.0*903 

-0.11600 

-0.19700 

ll.OOCOO 

0.0 

-0.00200 

-0.0290C 

-0.09030 

-0.07400 

-0.04900 

-0.12209 

-0.16900 

14.00000 

0.0 

-0.02700 

-0.04400 

-0.04600 

-0.06600 

-0.10900 

-0.12730 

-0.16700 

14.00000 

-0.04400 

-0.06400 

-0.07900 

-0.01400 

-0.09700 

-0. 11 100 

-0.1)900 

-0.17)00 

16.0000C 

-9.07900 

-0.07100 

-0.06600 

-3.09700 

-O.IOCOO 

-0.11700 

-0.1)700 

-0.17600 

29.00000 

-0.11200 

-0.U60C 

-0.12*00 

-0.14400 

-0.15700 

-0.17100 

-0.16)00 

-0.20400 

90.00000 

-0.17400 

-0.  11400 

-0.1960C 

-0.21400 

-0.29900 

-0.29000 

-0.76600 

-0.27700 

90.03000 

-0.40000 

-0.40000 

-0.40030 

-0.40000 

-0.90000 

-0.40000 

-0.50000 

-0.90000 

194.00000 

-0.40000 

-0.40000 

-0.40000 

-0.90000 

-0.90000 

-0.40000 

-0.90000 

-0.90000 

140.00000 

-C .90000 

-0.90000 

-0.90300 

-0.90000 

-0.90000 

-0.10000 

-0.90000 

-0.)0000 

164.00000 

-0.90000 

-0.90000 

-0.90000 

-0.90000 

-0.90000 

-0.  90000 

-0.90000 

-0.)0000 

1 70.00000 

-0.40000 

-0.40000 

-0.40300 

-0.43000 

-0.40000 

-0.40000 

-0.40000 

-0.60000 

180.00000 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

C. 90000 

0.0 

0.40000 

0.90000 
o. soooo 
0.50000 
0.90000 
0.29800 
0.2)200 
0.20000 
0.19909 
0.10900 
0.10400 
0.17400 
0.1 7000 
0.  14900 
0.19400 
0.14900 
0.1)400 
0.12900 
0.10200 
0.06700 
0.07000 
0.04  900 
0.0 

0.04900 
•0.07000 
-0.00700 
0.10200 
•0.12900 
-0.1)600 
-0.14900 
-0.19400 
0.14)00 
0.17000 
0.17400 
0.16400 
-0.10900 
0.19900 
0.20000 
0.2)200 
0.29600 
-0.90000 
0.90000 
0. 90000 
0. 90000 
0.40000 
0.0 


TABLE  XX 

. 540 

AEROELASTIC  BLADE  DATA  USED 

IN  C81  ; 

— 

— 

MAIN  ROTOR  AF  POf  L AS  T | C 

ftlAOl  PtSTAIftUU'INS  AND  ilAIA 

61  i >F  S'l!  1 1 tN 

mFIO.hI  (TEAMWISE  inertia  chorowisf  INERTIA 

n*  imp  ra 

Uft/INI  1 1 N-l P-SEC**2/IN1  1 1N-IP-6EC**2/IN» 

1 

1.1260 

0.0040 

0.1685 

2 

7.6  7 70 

0.0060 

0. 1686 

1 

?.66?0 

0.0'>60 

0. 16P  7 

6 

?.8?6C 

0.0060 

0.  16  92 

6 

0.99 >0 

3.0020 

0.  1661 

6 

O.ft'MO 

0.0020 

0.106 

r 

C.  71 60 

3,0010 

0.0966 

ft 

0.691 0 

0.0010 

0.0*86 

9 

O.fMO 

0.0010 

0.0876 

10 

0.61  TO 

0,0010 

0.0816 

1 1 

3.6ft!  0 

0.0010 

0.0916 

\? 

0.7  100 

0.0010 

0.38*0 

1 1 

1.2200 

0.002C 

0.07*2 

6 

1.2200 

0. 0020 

0.0778 

16 

C.0700 

3.0010 

0.071ft 

16 

3.6610 

0.0010 

0.067? 

• » 

C.6-.1C 

O.OOiO 

0.0671 

lr» 

0.6660 

0.0010 

0.0676 

IV 

2. 00  70 

0.  30 1 C 

0.3660 

20 

7.1180 

0.0010 

0.0660 

THAI 

alaoe  wfif.Hi 

676.11  1H  fUApf  l|P  MF  ir.Hl  « 

0.0  i 8 

f | APPINf. 

Nf  ft  f 1 A/ftl AHE 

• 1686 

.6  S'  'T.  F T**7 

NA1N  ROTE* 

node  shape  for  nnoe  i 

MioE  shape  *-np  HOOF  2 

M >f>|  SHAPE  FflP  ( 

ST4 

OUT -or  -PI ANE 

INPLANt 

TOP  si  ON 

CUT-UF -PLANE 

INPLANF 

TOftilON 

0UT-13F-WI.ANF 

|NPL ANF 

TORS  TON 

0.0 

0.0 

0.0 

-0.0E95 

0.1979 

0.0 

0.0667 

20.1697 

0.0 

3.0 

-0.0116 

-0. 0648 

0.2282 

-0. 1617 

0.0613 

72.9650 

0.0 

0.0 

-0.0762 

-0. 0563 

0.2672 

-U.26MT 

0.0119 

25, t 151 

0.  1501 

o.c? 

0.0 

-3. 1160 

-0. 0T  63 

0.7816 

-0.  l-»«0 

0.01 63 

28.0  »69 

0.2001 

0.0 

3.0 

-C.  1680 

0.0 

0.2907 

-0.6666 

0.0 

?•».  1601 

ft 

0.2602 

0.0 

0.3 

-0.1690 

0.0100 

0.2992 

-0.8  J*'! 

-0.0356 

13.6611 

0.1002 

0.0 

0.0 

-0. 1 767 

0, 0 729 

0.1065 

-0.6166 

-0.0620 

12.1667 

7 

0.  1602 

0.0 

0.0 

-0.1686 

0. 1219 

0.  1091 

-0.6  r7  2 

-0.0876 

11.866  1 

0.0 

3.0 

-0.1562 

0.1757 

0.1101 

-0.7171 

-0.1118 

16.5982 

0.660? 

0.0 

0.0 

-0.1151 

0.2112 

0.3097 

-0.7J52 

-0.1362 

37. -069 

0.600? 

0.0 

0.? 

-0.1116 

0.2940 

0.1075 

-0.7287 

-0.1561 

59.2916 

0.660! 

0.0 

0.0 

-0.0900 

0 • l*1  76 

0. 30  T9 

-0.6  964 

-0.!?|6 

61.2197 

0.0 

0.0 

-C.06S6 

0.4212 

0.2999 

-0.62P2 

-0.1850 

62.9167 

0.0 

0.0 

-0.0600 

0.4911 

0.294ft 

-3.5? 76 

-0. 1965 

**6.651? 

o. rooi 

0.0 

0.0 

-0.0160 

0.6607 

0.  <j5« 

-0.1906 

-C. 199ft 

6ft. *1 79 

0.7601 

0.0 

0.0 

C.0124 

0.6119 

0.2  786 

-0.2187 

>0.7010 

46.961 ? 

0.8001 

0.0 

0.0 

0.CI89 

3. 7062 

0.2681 

0.0166 

•0. 1987 

67.8124 

0.8601 

c.e 

0.0 

0.0651 

0.7715 

0.2660 

0.2160 

-0. 1917 

4ft.  5 7ft  1 

0.0 

o.c 

0.0916 

0.8616 

0.2618 

0.6671 

-0. 1866 

49.0148 

0.0500 

0.0 

o.c 

0.1178 

0.9257 

0.2654 

0.  'll! 

-0. 1701 

49.4028 

20 

1.0003 

0.0 

0.0 

1.0000 

0.2660 

1.0000 

-0.169ft 

40.5101 

6031  6H*.  F FQft  M()uE  6 

MOT1E  6MAPE  rnft  mode  5 

NflDf  SHAPE  mdoF  6 

SI  A 

OUT  -OF -PLANE 

iNPlANt 

TORSION 

OUT -(JF  -PLANE 

INPLANE 

TORSI ON 

OUT -OF -PI  A Nf 

1 N*N  ANE 

ToPStCN 

0 

0.0 

o.c 

e.o 

0.0 

0.0 

67.2185 

3.0 

0.0 

0.0 

0.0226 

0.0 

0.0 

0.0119 

0.0118 

51.7922 

0.0 

0.0 

3.0 

0.0678 

o.o 

o.O 

0. 0ft8l 

0.0229 

60.0060 

0.0 

0.0 

0.0 

l 

0.11'“ 

C.O 

3.0 

0.1619 

C.016C 

66.8116 

e.o 

0.0 

0.0 

(.16* 

0.6 

0.0 

n.!98l 

0.0666 

6ft. 1870 

c.o 

o.o 

0.0 

0.0 

0.2677 

0.0560 

71.7346 

0.0 

0.0 

0 

0.  '660 

0.0 

0.0 

3.2898 

0.0616 

78.5«6f 

0.0 

0.0 

0.0 

3.10  7* 

0.0 

0.0 

0.1716 

0.0670 

79.7167 

3.0 

0.0 

3.0 

0.  1601 

0.0 

0.0 

0.167ft 

0.0701 

ft'.9P?7 

0.0 

0.* 

0.611  ’ 

n.o 

0.0 

0.1629 

2.0716 

88.5076 

0.0 

0.0 

3.0 

r t • 

r .0 

0. 16 7 7 

0.0707 

9 (,1| *6 

0.0 

c.o 

0.0 

3.M/.9 

'• . C 

<;.o 

0.  3601 

3.0674 

98.1600 

0.<~ 

0.  3 

0.0 

•).o 

0.  3176 

0.061  1 

102.991 7 

o.c 

0.0 

0.62 >6 

0.0 

o. i?:6 

0.2961 

0.0«l% 

107.0664 

c.o 

0.0 

0.0 

0.6  769 

0.0 

•3.166: 

0.7361 

Q.O'H? 

110.49  16 

0.0 

c.o 

0.0 

P.  710*- 

0.0 

0.|t95 

.15M 

0.0719 

111.  (ft  16 

0.0 

0.3 

o.c 

16 

).  /«4l 

o.c 

-IS.  1868 

o.oc.o 

0.0 

115.  /M  3 

0.0 

0.0 

o.c 

17 

0.3112 

3.0 

-0.196? 

-0.06  76 

-0.01  67 

1 If. 6219 

0.0 

0.0 

c.o 

o.av.’i 

0.0 

-3.  1967 

-0.l<9b 

-0. 01/7 

llft.96ft0 

J.O 

o.n 

0.9460 

0.0 

-0.1966 

-0.2765 

-0.  0691 

1 19,717? 

1.0 

0.0 

0.0 

n 

UO^OO 

0.0 

-3.1918 

-0.19M 

-0.0811 

1 19.9999 

0.0 

0.0 

c.o 

*'OC  NUMHfM 

; 

> 

1 

4 

ft 

«*p.ip  irr» 

Cull)  H IOV 

( ».  i it  ctclk  cmt  f 

r rivt 

rni  ifcmvi 

ASP  l.iC  OAT  r* 

3.0 

3.200  39f 

-01  0. 700 OOF 

-J1  0.  .*00 OOF  - 01 

0.100  Of  00 

r.ENf  »»L  1/fM  INfPTlA 
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TABLE  XXI.  DF1758  INPUTS  FOR  THE  540  ROTOR 


Number  of 

Hub  Segments 

2.0 

VMASS . HMASS , VSOFT,  RSOFT 

O.C 

HSOFT 

• 

-6. 

5/(106  lb) 

Segment  Length 

13.2  in. 

Rotational 

Frequency 

324.0  rpm 

Root  Collective  Pi  tch 

16.0° 

Twist 

-10.0° 

Number  of 

Blades 

2.0 

Chord 

27.0  in. 

Control  System  Stiffness 

5.9  x 1< 

D5 

in. -lb/rad 

BIB 

EIC 

CC 

r 

Offset 

Segment 

X10“6 

X10“6 

^t/ in. 

Bean 

Chord 

1 

13.3 

4110.0 

4.440 

0, 

.0 

-0.20 

2 

508.0 

1970.0 

6.060 

-0.20 

3 

694.0 

1750.0 

7.240 

-0.20 

4 

256.0 

6550.0 

2.120 

-0.20 

5 

89.5 

4240.0 

0.952 

-0.36 

6 

63.1 

4050.0 

0.761 

-0.48 

7 

50.0 

3950.0 

0.678 

-0.48 

8 

46.3 

3890.0 

0.651 

-0.52 

9 

42.0 

3640.0 

0.611 

-0.58 

10 

37.5 

3420.0 

0.577 

-0.64 

11 

33.1 

3200.0 

0.541 

-0.68 

12 

33.0 

2990.0 

0.690 

-0.74 

13 

35.0 

2830.0 

1.180 

1.02 

14 

35.0 

2620.0 

1.180 

0.96 

15 

32.6 

2390.0 

0.780 

-0.94 

16 

32.3 

2200.0 

0.501 

-0.96 

17 

32.5 

2060.0 

0.5C1 

-1.02 

18 

33.2 

2080.0 

0.504 

-1.04 

19 

46.4 

2260.0 

1.670 

0.04 

20 

46.4 

2290.0 

2.260 

0, 

.0 

0.C4 
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Concluded 


Segment 

IBB 

ICC 

GJ 

X10"6 

1 

0.004 

0.168 

36.00 

2 

0.004 

0.168 

36.00 

3 

0.004 

0.168 

36.00 

4 

0.004 

0.168 

75.00 

5 

0.002 

0.155 

52.95 

6 

0.002 

0.106 

42.60 

7 

0.001 

0.096 

37.10 

8 

0.001 

0.088 

33.50 

9 

0.001 

0.082 

29.40 

10 

0.001 

0.083 

25.54 

11 

0.001 

0.093 

22.10 

12 

0.001 

0.083 

21.45 

13 

0.002 

0.075 

21.45 

14 

0.002 

0.075 

21.45 

15 

0.001 

0.070 

21.45 

16 

0.001 

0.066 

21.45 

17 

0.001 

0.066 

21.45 

18 

0.001 

0.066 

21.45 

19 

0.001 

0.066 

21.45 

20 

0.001 

0.066 

21.45 

Shear  Center  Offset 
Beam  Chord 


0.0  0.0 


0.0  0.0 


TABLE 

XXII.  FLIGHT 

CONDITIONS 

FOR  AH-1G  LEVEL 

FLIGHT  DATA 

Flight 

Number 

Configuration 

Gross 

Weight 

CG 

Station  Line 

OAT 

Pressure 

Altitude 

3 4 -A* 

4 Empty 
XM- 159  Pods 

7309 

194.3 

32.0 

2100 

40 -A* 

4 Full 
XM-159  Pods 

9617 

195.2 

68.0 

1200 

277-B** 

4 Empty 
XM-159  Pods 

9645 

192.6 

83.0 

1200 

280-A** 

Clean  Wing 

7405 

191.5 

73.5 

2500 

♦Reference  27 


♦♦Reference  28 


APPENDIX  III 


DATA  USED  IN  STATISTICAL  ANALYSIS 


The  data  used  in  the  statistical  analysis  are  provided  in 
this  appendix.  The  data  are  given  by  flight  number,  oscillo- 
graph counter  and  variable  number.  The  following  table 
identifies  the  variables  by  variable  number.  An  entry  of 
-.10E+10  was  used  whenever  the  value  of  the  variable  was  not 
available. 


Variable 

Number 

1 


Variable 

Maximum  Mean  Normal  Load 


Units 

lb 


Oscillatory  Copilot  Vertical 
Acceleration  at  the  time  of 
Maximum  Mean  Normal  Load 

Maximum  Oscillatory  Copilot 
Vertical  Acceleration 

Oscillatory  Main  Rotor  Pitch 
Lin1:  Axial  Force  at  the  time 
of  Maximum  Mean  Normal  Load 

Maximum  Oscillatory  Main  Rot.or 
Pitch  Link  Axial  Force 

Longitudinal  Cyclic  Stick  Position 
at  the  time  of  Maximum  Mean  Normal 
Load 

^(Longitudinal  Cyclic  Stick 
Position) * 

Lateral  Cyclic  Stick  Position  at 
the  time  of  Maximum  Mean  Normal 
Load 

A(Lateral  Cyclic  Stick  Position) 

Engine  Torque  Pressure  at  the 
time  of  Maximum  Mean  Normal  Load 


*A(  ) indicates  the  difference  between  the  value  at  the  time 
of  maximum  mean  normal  load  and  the  value  at  the  beginning  of 
the  maneuver . 


u.. 


Variable 

Number 

__ 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 

22 

23 

24 

25 


Variable  Units 

Maximum  Engine  Torque  Pressure  psi 

A (Engine  Torque  Pressure)  psi 


Oscillatory  Main  Rotor  Chordwise 

Bending  Moment,  Station  135,  at 

the  time  of  Maximum  Mean  Normal 

Load  in. -lb 

Maximum  Main  Rotor  Oscillatory 

Chordwise  Bending  Moment,  Station 

135  in. -lb 

Oscillatory  Longitudinal  Cyclic 

Stick  Force  at  the  time  of  Maximum 

Mean  Normal  Load  lb 

Maximum  Oscillatory  Longitudinal 

Cyclic  Stick  Force  lb 

Oscillatory  Lateral  Cyclic  Stick 

Force  at  the  time  of  Maximum 

Mean  Normal  Load  lb 

Maximum  Oscillatory  Lateral 

Cyclic  Stick  Force  lb 

Gross  Weight  lb 

Outside  Air  Temperature  deg  C 

Pressure  Altitude  at  the  time  of 

Maximum  Mean  Normal  Load  ft 

Collective  Stick  Position  at  the 

time  of  Maximum  Mean  Normal  Load  % 

Calibrated  Airspeed  at  the  time  of 
Maximum  Mean  Normal  Load  kn 


Density  Ratio  at  the  time  of  Maximum 
Mean  Normal  Load 

Pitch  Rate  at  the  time  of  Maximum 

Mean  Normal  Load  deg/s 


Maximum  Pitch  Rate 


deg/s 


26 
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Variable 


Number 

Variable 

Units 

27 

Roll  Rate  at  the  time  of  Maximum 
Mean  Normal  Load 

deg/s 

28 

Maximum  Roll  Rate 

deg/s 

29 

Yaw  Rate  at  the  time  of  Maximum 
Mean  Normal  Load 

deg/s 

30 

Maximum  Yaw  Rate 

deg/s 

31 

Speed  of  Sound  at  the  time  of 
Maximum  Mean  Normal  Load 

ft/s 

32 

Referred  Thrust  {(Maximum  Mean 
Normal  Load)  / (Density  Ratio) | 

lb 

33 

Disc  Loading  (Cy/a)  at  the  time 
of  Maximum  Mean  Normal  Load 

- 

34 

Advance  Ratio  at  the  time  of 
Maximum  Mean  Normal  Load 

- 

35 

Maximum  Normal  Load  Factor 

g 

160 


4i 


! 


b v 


Variable  Number 


5 

u 

11251. 

.67000 

.49900 

822.00 

877.00 

56.000 

5 

i) 

11019. 

.55100 

.56700 

794.00 

849.00 

54.900 

5 

IN 

12575. 

.64600 

.60200 

1010. 0 

1110.0 

55.400 

5 

15 

12951. 

.67200 

.70300 

1210. C 

1310.0 

56.300 

5 

16 

13615. 

.77700 

. 77700 

1420.0 

1420.0 

54.400 

5 

21 

11NN1. 

.N70OO 

.51400 

1490.0 

1610.0 

61.600 

5 

21 

11913. 

.57200 

.59300 

1290.0 

1310.0 

64.000 

5 

25 

1 3ON0. 

.54100 

.66700 

1840.0 

1040.0 

61.600 

5 

25 

11515. 

.52500 

.54100 

1120.0 

1150.0 

60.700 

5 

29 

12000. 

•577C0 

.60900 

986.00 

986.00 

68.700 

5 

36 

11019. 

.57700 

.58000 

1070.0 

1070.0 

67.300 

5 

37 

12102. 

.55600 

.55600 

1230.0 

1230.0 

60.100 

5 

30 

11913. 

.40400 

.43000 

077.00 

904.00 

55.000 

6 

5 

132N6. 

.71900 

.74000 

121C.0 

12)0.0 

52.500 

6 

6 

1 NO  11. 

.65100 

.65100 

1100.0 

1230.0 

49.600 

6 

0 

15059. 

•N5700 

.46200 

986.00 

1070.0 

42.900 

6 

a 

12962. 

.73000 

.75100 

1340.0 

1370.0 

59.700 

6 

10 

13725. 

.66100 

.69800 

1780.0 

1920.0 

57.700 

6 

11 

16012. 

.40300 

.63000 

1640.0 

1750.0 

54.900 

<*» 

17 

1N21N. 

.90300 

.90300 

1620.0 

1620.0 

65.400 

6 

18 

1N297. 

.9N500 

.96100 

1590.0 

1590.0 

63.000 

6 

19 

15917. 

.77200 

.79000 

1840.0 

1890.0 

62.000 

6 

21 

1N502. 

.97600 

.97600 

1590.0 

1590.0 

63.000 

6 

22 

16012. 

.69300 

.78200 

2140.0 

2140.0 

60.100 

6 

23 

15021. 

.74500 

.74500 

1750.0 

1780.0 

60.600 

25 

1 NO  1 1 . 

.79300 

.02400 

1920.0 

1920.0 

71.600 

*> 

26 

15536. 

.77200 

. 766  30 

2270.0 

2270.0 

60.700 

6 

27 

16N59. 

.50300 

.65100 

2990.0 

2990.0 

60.200 

6 

30 

151 5N. 

.76100 

.77700 

1670.0 

1760.0 

55.400 

6 

31 

1N360. 

.41500 

.42500 

1150.0 

1150.0 

46.000 

6 

12 

12795. 

. 30400 

.32500 

2470.0 

2470.0 

76.800 

T 

10 

1523N. 

.92400 

.97100 

1840. 0 

1940.0 

64.400 

7 

21 

15995. 

.77200 

.99200 

2000.0 

2160.0 

66.300 

A 

7 

16292. 

.72400 

.86600 

1920.0 

2110.0 

54.900 

A 

0 

15518. 

.45700 

.71900 

1640.0 

1730.0 

47.200 

a 

<1 

16671. 

.64600 

. 79300 

1940.0 

2050.0 

51.500 

9 

10 

130ON. 

.70200 

.91300 

1370.0 

1530. C 

56.000 

9 

19 

13615. 

.81400 

.05600 

1260.' 

1450. C 

57.700 

9 

70 

16SN6. 

.64600 

.09200 

2080.0 

2360.0 

60.100 

9 

21 

16030. 

.69300 

.72400 

2440. 3 

2520.0 

57.300 

10 

7 

13103. 

1.24 JO 

1.3400 

1670.0 

1780.0 

63.500 

10 

9 

13961. 

.62530 

.01400 

1670.0 

1730.0 

51.500 

11 

21 

1 5NN6. 

.33100 

.5  0 3C0 

1260.3 

1400.0 

36.700 

ll 

22 

15067. 

.46700 

•69300 

1310.0 

1340.0 

42.900 

11 

73 

1N«77. 

•4570C 

.55600 

1510.0 

1640.0 

51.100 

10 

1 1 

17390, 

.73900 

.73500 

1150.0 

1260.0 

55.400 

10 

12 

1N0’6. 

1.1100 

1.1900 

1640.0 

1640.0 

64.400 

10 

11 

1 3N6T. 

1.1100 

1.1400 

1530.0 

1590.0 

63.500 

10 

IN 

1 3270. 

1.1400 

1.143C 

1700.0 

1010.9 

70.200 

10 

15 

16995. 

1.0900 

l. 1700 

1890.0 

1890.0 

68.200 

10 

16 

12616. 

.29900 

. 32500 

986.00 

986.00 

45.000 

i: 

17 

13103. 

. 30400 

. 32500 

877.00 

931.00 

44.400 

u 

7 

t 31  72. 

1.0400 

1.060u 

1730.0 

1700.0 

67.800 

it 

IN 

15561. 

.91300 

.90700 

1 69  j. 0 

1620.0 

59.700 

li 

16 

13561. 

.69300 

.04500 

1700.0 

1700.0 

39.000 

u 

l 7 

1 30  77. 

.56700 

,56733 

1070.0 

1070.0 

55.800 

n 

15 

1 3035. 

.44300 

.54630 

959.03 

1150.0 

53.900 

li 

19 

15351. 

.42000 

.40300 

1230.0 

1)40.0 

51.500 

?2 

5 

1 .6  59. 

100005*10 

-.100005*10 

-.100005*10 

-.130005*10 

77.500 

22 

*■ 

15737. 

100095*1 ) 

-.  103005  *10 

-.i"c:',fho 

-.190005*10 

79.200 

22 

7 

13310. 

- . 1 00001  *10 

-.100005*13 

-.IOC  035*10 

-. 100005*10 

76.400 

?? 

fl 

147  7,j. 

-. 1 J0O0F*lO 

-•  lOOOi.'*  *19 

-.130006*10 

.100005*10 

67.300 

22 

•1 

1 4 04 

-.  100005  *10 

-.  r300op*  1 0 

-. 13000E  *10 

100005*10 

66.300 

22 

10 

12467. 

-.  U'0005*IC 

-. 100005*10 

-.1OC00EM0 

-.100005*10 

73.000 

27 

1? 

15316. 

-. 100005*10 

-.19  0 005*10 

-.130005*13 

-.100005*10 

71.100 

22 

1 3 

16267. 

-.  100005*10 

-.  100005*10 

-. IOC  095*10 

-.100006*10 

78.300 
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£, 
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V«r table 

Numl-er 

£. 

Ti* 

Uu 

o C 
3 

04  O 
L 

Z 

1* 

l 

> 

J 

4 

5 

6 

?? 

1 6 M2. 

n >oof  m ) 

-.  1 JOOGF  ♦ 1 C 

-. low  oor  #i.9 

»lw 

75.900 

?: 

t * 

16*16. 

-.  IC'JjOf  »1B 

-.ldJJCEMC 

-.iooo>e*n 

-.noo ;i  mc 

71 . 9*9 

11/ 

49  ft 

1 4939. 

. .16  700 

. 4-59.30 

1 J4U.0 

t 110.0 

63. 6C  0 

11? 

<.9  r 

14641, 

. ftw  3 vO 

.'.’•/CO 

1810.9 

7110.0 

76.000 

UP 

490 

1 

. 59*00 

.6?5u: 

1010. 9 

1913.9 

6*. 000 

u? 

5 20 

10927. 

•27200 

.43000 

709.00 

l 2 JO. 0 

48.100 

n? 

62  1 

U.l  17. 

.2.9100 

• 4ftl‘»0u 

06  '.OO 

1430.0 

47.  )00 

u? 

r.  » p 

1 34 3 7. 

. 351  ;0 

. 16  It. 7 

041 .9 j 

943. JO 

*1.200 

H? 

s?  J 

1 *•  1 90. 

• 36SC.9 

. 160  w 

i?ii..- 

1 37H.C 

42.400 

u? 

6?4 

1*M  30. 

.41 700 

• 45ft  90 

1 730.' 

170  3.') 

49,-30 

u? 

5>5 

164  i ). 

. 50400 

.5390C 

2100.0 

27 30.0 

4 7.  700 

1U 

6 3 5 

l'.l  75. 

.6*200 

.6420. 

I7h0.:) 

1000.0 

48.000 

l u 

ft  *6 

1 ft5‘»5. 

.57800 

. 64  7 JC 

1500.  • 

20)0.0 

42.703 

114 

63  7 

16783. 

.49000 

. ft  7 7 f'J 

noo.o 

20 JO. 0 

45.300 

it- 

638 

16*15. 

. 39R00 

• 86000 

l*2o. J 

16)0. C 

51.900 

lie 

77? 

156*^4. 

.65000 

.6  7?or 

2330.3 

2 3)0.0 

63. 7-JO 

lift 

72* 

1 /s/s. 

.62800 

.628Qo 

2/ZO.O 

2850.0 

55. 600 

116 

72  5 

1 7402. 

.53600 

.6040 'J 

2S5U.0 

5013.9 

87.900 

He 

726 

is?  n. 

.5*600 

.60430 

27*0. 9 

298 3.0 

54.103 

lie 

/2  / 

l 7664. 

.6  77  00 

.83000 

2660.0 

2660.0 

50.809 

ua 

SI- 

l . jb?. 

.40600 

.40500 

155 j. 0 

lsio.n 

51.500 

1 IS 

815 

16683. 

.17*00 

. t?*oo 

ISjG. 3 

20*0.3 

56.800 

1 IS 

816 

16573. 

.*oioa 

•4?7u j 

IMG.? 

1920.0 

52. 000 

IIS 

Bl/ 

1 7 d ? 1 « 

.*2/00 

• 46  309 

1070.  j 

2190. C 

51.700 

111 

ri!  0 

l 7916. 

.*-100 

.5121') 

186C.O 

1860.0 

50. *00 

l IB 

<*19 

! /Ml. 

.50100 

.56509 

2*30.0 

2610.0 

59.200 

US 

32' 

1*7S7. 

.'2100 

.606<1*> 

2050.0 

2 no.? 

66.7)0 

117 

//2 

1 B04?. 

. 16600 

.48600 

16B0.0 

1680.0 

19. ? )0 

11/ 

771 

10618. 

.32200 

.4  760  3 

929.00 

1630.3 

30.700 

11/ 

7 7* 

10466. 

. 340G0 

.*6030 

1/80. 5 

1 780.0 

19.600 

11/ 

7 76 

1*304. 

. 1HSOO 

.60700 

1010.0 

2053.0 

3 ? .500 

11/ 

785 

10619. 

. 15  7QO 

.76200 

1860.0 

2510.0 

45.100 

11/ 

706 

IS  I ’?. 

. 58*00 

.62800 

1960.0 

2350. C 

40.6CO 

11/ 

787 

1770/. 

.111  oo 

. 34400 

1800.0 

1060.0 

46.300 

117 

7H9 

10993, 

.30400 

.55600 

2020.0 

2740.0 

**.r,00 

117 

790 

16  7 <*. 

. 16900 

. io*co 

662.00 

H80.00 

28.700 

11* 

830 

10404, 

.40000 

. 40  8 */Q 

-.ICOOOMIO 

IGOCCf  MO 

6H.  100 

11* 

839 

120  U. 

.12600 

.17700 

-.  19000EM0 
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*7700. 
11200. 
*0900. 
*8000. 
*1800. 
68000. 
68900. 
71190. 
71100. 
65800. 
56900. 
65810. 
91410. 
51500. 
70705. 
51500. 
5170C. 
57200. 
67730. 
73800. 
*7100. 
70100. 
12000. 
12610. 
52300. 
50*00. 
52900. 
*5290. 
*7100. 
*1500. 
100007*11 
-. 100007*10 
-.100007*10 
-.  100007*10 
-.100007*10 
-.100007*10 
-.100007*10 
-.100007*19 


VirUblt  Nuntxr 


19 

16 

17 

18 

.89600 

.89600 

1.1*00 

1.5200 

.67200 

1.0100 

1.4100 

1.6500 

.89600 

1.0100 

1.8700 

2.0000 

1.0100 

1.2100 

2.0200 

2.3700 

1.3*00 

1.1*00 

2.2100 

2.1500 

1.1*00 

1.5700 

1.4000 

1.6*00 

1.6800 

2.2*00 

1.1*00 

1.5900 

1.9000 

1.9000 

1.1000 

3.1000 

1.9000 

1.9000 

1.6100 

1.6100 

1.4600 

1.7900 

1.5200 

1.5200 

1.5700 

1.7900 

1.1*00 

1.4600 

1.900b 

1.9000 

1.5600 

1.6800 

1.1200 

1.1200 

1.4*00 

1.4*00 

1.4600 

1.5700 

2.1700 

2.6500 

1.6800 

1.T900 

1.1200 

1.9100 

1.2100 

1.5700 

1.6800 

1.8100 

2. *600 

2.4600 

2.9900 

2.9900 

1.7900 

1.7900 

1.9100 

1.9100 

1.5700 

1.7901 

1.1200 

1.9100 

2.9100 

2.9100 

2.0500 

2.0500 

2.8000 

1.1199 

2.2900 

2.2900 

2.1500 

2.5700 

1.6800 

1.9100 

2.80C0 

2.8000 

1.8100 

1.8100 

1.90  90 

2.0200 

1.6890 

1.6800 

2.2*00 

2.8000 

1.9300 

1.9300 

2.5710 

2.5700 

1.8100 

1.8100 

1.0200 

1.1600 

1.6800 

1.8100 

6.5800 

6.5800 

1.5600 

1.6800 

1.7900 

1.7900 

2.2900 

2.4100 

1.6890 

1.6800 

1.8100 

1.8100 

1.5700 

1.6801 

1.4*00 

1.8100 

1.S800 

3. 6900 

2.1700 

2.6500 

1.360b 

3.6909 

1.8100 

2.8900 

2.1390 

1.2500 

1.9300 

2.9500 

1.1*10 

1.5700 

1.6900 

2.1110 

1.6100 

1.5800 

1.8100 

1.0*00 

2.1550 

3. 2500 

2.2800 

2.3700 

2.3500 

2.8031 

2.0230 

2.2500 

2.2*00 

1.2900 

1.8900 

2.5100 

1.90C0 

2. 1500 

1.1300 

1.5000 

4.7600 

5.2500 

1.6600 

1.5100 

1. 1900 

1.6100 

1.5800 

2. 1600 

1.1290 

2.0200 

1.8200 

2.1900 

1.010C 

l.*603 

1.8800 

2.2600 

1.1200 

1. 7900 

1.2000 

1.8100 

2.2600 

2.7600 

2.0  ICO 

2. 1*00 

1.3  IOC 

*.6500 

2.5100 

2.6100 

1.5  300 

*.8750 

2.4000 

2. *010 

l.lbbi) 

1,3903 

1.9201 

2.1500 

4.2300 

*.  3*00 

1.6900 

2.1700 

1.5700 

1.5701 

1.8000 

1.8030 

.67200 

.59600 

1.9200 

2.1500 

3.C200 

3.6500 

1.9301 

2.2900 

1,  5200 

1.0200 

1.6800 

1.6800 

1 • ftftOi. 

1.680? 

1.9100 

1.9100 

2.2*00 

2.460  9 

1.4*00 

1.6800 

2.6910 

2.9200 

1.5400 

2.0700 

1.1 ZCG 

1.5709 

1.5600 

2.1900 

*.l«9b 

*.*109 

-.190007*10 

-.100007*11 

■.  109007*11 

-• luOOOF  *1 9 

-.190007*10 

-.10000EM0 

7.5700 

1.1390 

2.5500 

2.5500 

2.4600 

2. ’1.10 

2.2 900 

7.5300 

2.910b 

• .1700 

2.4100 

2.6500 

7.4600 

2.4600 

1.8700 

2. 1600 

*.*100 

6.0850 

1.4*00 

2.7700 

.15600 

.*9750 

2.4100 

2.6500 

f 
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- -*y 


f 

) 


”d 


*J 

j: 

t.  <j 

ys 

— 3 

Variable 

Numbe  r 

-- > o 

•H  <J 

19 

20 

21 

22 

23 

24 

6 

3 

it 

9455.) 

10.000 

314). 0 

35.600 

59.200 

.90703 

5 

13 

94*5.0 

10.500 

4950. 0 

77.800 

60.100 

.84683 

6 

14 

9455.0 

10.500 

4540.0 

42.100 

59.100 

.85072 

ft 

15 

9455,  ■*» 

10.400 

4850.0 

45.300 

58.500 

•84905 

s 

*ft 

945*. 9 

1U.000 

4 760.0 

45.300 

61.700 

.85477 

■5 

21 

9465, 0 

11.400 

2960.0 

35.60 J 

83.600 

.90892 

s 

23 

9445.3 

11.300 

5)2v.l* 

39.500 

78.000 

•84224 

s 

2* 

9454.  ) 

ll.ftOO 

3030.0 

42. 700 

80.500 

.90594 

5 

?8 

9455.0 

12.000 

4850.0 

39.500 

98.300 

.84553 

5 

21 

9455.0 

11.200 

*030.0 

42.700 

99.800 

•84222 

t 

?ft 

9445.0 

11. HOC 

5 j20. 0 

36.700 

100.00 

.84076 

s 

37 

045  5.0 

11.200 

4910.0 

36.200 

82.300 

.84601 

5 

IK 

9455.0 

11.100 

3153.0 

36.203 

60.000 

.90352 

ft 

5 

9531.0 

12.400 

5473.0 

41.600 

65.600 

•82467 

ft 

ft 

9531.0 

12.500 

4720. 0 

41.600 

63.300 

.84816 

* 

b 

98)1.0 

12.500 

4480.0 

42.100 

64.900 

.85579 

6 

9 

9531.0 

12.500 

4230.0 

41.600 

86.400 

•86380 

1C 

9531.0 

12.50C 

5720.0 

41. tOO 

84.600 

•81696 

A 

11 

9531.0 

12.400 

4550.0 

43.200 

82.000 

.85356 

6 

17 

9351.0 

12.500 

5830.0 

41.100 

104.00 

•81358 

6 

P 

9r  3| • 3 

12. *00 

5460.0 

41.100 

99.000 

.82498 

ft 

10 

9531.0 

12.500 

4460.0 

41.600 

99.800 

.85324 

ft 

21. 

9531. 0 

12.500 

5 7 1 J • 0 

41.100 

103.00 

.81727 

ft 

2; 

9 c H . 0 

12.500 

4910. C 

4C.539 

102.00 

.84216 

ft 

2 3 

7531.0 

12.500 

4130.0 

40.500 

102.00 

.86702 

6 

?s 

9531.3 

12.4)0 

5770.0 

44.800 

125.00 

.81542 

ft 

2t 

9*31.0 

12.500 

4IP.0 

44. 3j2 

123.00 

• 83588 

ft 

?f 

9431. 3 

11.600 

4 710.C 

4 3.201. 

125.00 

.81986 

ft 

30 

95i|,0 

ll.ftOO 

SO  »u.o 

44.  107 

87.20C 

.87915 

ft 

31 

9531.0 

l 1 . 600 

5100.0 

40.500 

65.000 

.HjftOl 

ft 

32 

*15  31,0 

ll.ftOO 

4180.0 

36. 700 

171.  or 

.86814 

’ 

P 

9571.' 

.0 

6030.C 

43.200 

109.00 

.84538 

r 

21 

9521.0 

.20000 

ft330,0 

42.  100 

102.00 

.84381 

4 

7 

9472.0 

ft . 2C0C 

S323.0 

40.000 

94.5)0 

.85762 

4 

H 

9477. > 

6. 10 "0 

*U)).C 

47.500 

79.100 

.85857 

4 

■> 

9472.0 

5. 5090 

5 1 ft  0 • C 

40. 5 JO 

88.600 

.85527 

9 

1 1 

94*  5.  i 

l 2 . »0C 

5070.0 

38.990 

82.900 

.8)626 

9 

P 

94*5. 3 

13.100 

4037 .C 

38.900 

84.900 

•83663 

n 

?J 

9454. 0 

14.300 

5 09  ;.0 

79.50) 

94.300 

.83127 

9 

21 

9***.0 

14  . 1 oc 

5269.0 

39.6)0 

96.000 

.83278 

io 

r 

9444. 9 

12.ftOO 

4930.0 

43.2U0 

102.00 

•84183 

10 

rt 

94  14.  ) 

12.000 

497 J. 0 

43.200 

68.40C 

.84301 

11 

•1 

947C.C 

4. POO 

4S4JP 

39. 5)3 

61.200 

.87647 

It 

22 

047ft. 0 

4.1 000 

4K20.» 

39,600 

64. 300 

.87060 

11 

j*  7 

9476. 3 

5PC00 

4ftftO.C 

79,63* 

72. 70C 

.06649 

i* 

1 l 

9*94. : 

4 2-^.0 

34. L jC 

81.000 

.8291? 

p 

1 ^ 

94<*4.ft 

16,01)0 

458  ),0 

7 7, 37P 

106.00 

.02979 

1 ) 

l 1 

9454,  •) 

if .000 

••510.0 

7 /.  rtt  v 

98.500 

.83*08 

l‘< 

1ft 

04H4. J 

1 5.‘-»/*3 

4390.0 

42.130 

124.00 

.83*48 

K 

P 

74^4.3 

1 5,/JOC 

4110. 0 

41.100 

1 2 .3 . 00 

.86014 

1 ' 

l* 

9,8  4,  j 

1 5.0  j»' 

4830. 0 

?ft.  1 P 

61.100 

.43579 

P 

1 f 

r'-44. ; 

P.OuO 

4 v2  ).  C 

26.  700 

68.900 

.86302 

11 

7 

9474. : 

7.9GJC 

381  2.0 

39.50) 

160.00 

.89175 

11 

K 

947  ft.'* 

9. 30  :c 

?37).* 

35.60^ 

97.800 

.91872 

1 1 

P 

94  7ft,  t 

4 . 60-30 

•Pu.r 

37.400 

83.000 

,85936 

11 

1 f 

94  7ft. ; 

4.8U-0 

5 799, C 

12. 700 

84. 100 

.85968 

11 

P 

9*  /ft.  * 

6.2300 

4 /*•:.# 

71 .dC' 

84.400 

.06632 

11 

» '* 

94  7/,. ; 

7. HO 00 

78;.). 0 

7 l . AGO 

79.000 

.89041 

22 

*• 

941  IP 

f.a.lQG 

55)). ; 

42.100 

108.00 

.838)9 

2 ? 

ft 

951  1 • . 

* . «<*  ).*» 

Sft  ) ) 

42.707 

l P.00 

.8)912 

?*’ 

7 

941 3.0 

i.9.*'.0 

h91  ,.0 

33.900 

-•looocr Mft 

.86208 

22 

•• 

9*1  *. 

r . 90  f J 

7i  7 1.*: 

3*.  t O'* 

i ;7105M5 

.919ft  , 

22 

94! 3.  5 

9,  )o?n 

4 U ,,  , 

7m. 400 

IP.  00 

*P)2S 

< > 

1 

95UP 

9.0000 

48  8 3.  j: 

38.9)0 

i P.nr 

,86756 

22 

1 1 

9*13. 

‘..'000 

r,‘ * V.  J 

P.90*' 

1C9..10 

.84816 

? » 

1 ' 

513.  ' 

9.  jCut' 

k 1 3 J.u 
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39.6)0 

l 1 3.00 

, 8 44u  \ 

Variable  Humber 


u tl 

rs 


fc. 

sl 

u 

19 

20 

21 

22 

23 

26 

22 

3 

u 

9513. t 

9. JlOO 

122-.. ( 

39.500 

113.00 

.162TT 

22 

9 7 1 ) • ? 

9.  jo-jo 

5>?).0 

30.60'' 

-.106/jOf  *(6 

.862TT 

1? 

40b 

7M0.  r 

IT. 200 

3b  >3.0 

29.003 

96.630 

. 6 T 3 16 

1? 

an  t 

753 ).w 

IT. 200 

3363.0 

66.600 

116.00 

•8T131 

12 

49  M 

7 75.).) 

1 T.2  30 

3-1*''. 1 

63.601 

121.10 

.86223 

l? 

*>?0 

7750. ) 

lb.  6.0 

118  J.O 

15.300 

106.20 

.1T906 

u 

5?l 

7 75  7.0 

lb.bTO 

if  5 

31.100 

103.00 

.11003 

i’ 

*t?2 

7 75 

16.621 

120?. 1 

31.513 

100.10 

.82116 

p 

♦>21 

775v.r 

H.O'.C 

IbT.'.O 

31.900 

91.300 

.11011 

12 

42* 

775;.. 

11.0..0 

321'. 0 

68.200 

123.03 

.18932 

12 

*>74 

775%o 

1 1.00C 

36b J.O 

10.T03 

121.00 

.88068 

u 

M*» 

7494.' 

1.9.100 

36'.'. 0 

19.90' 

95.000 

•89T86 

l* 

lV 

7 594..' 

b.  5000 

3b6  3.x 

Tl , 60  1 

101.00 

.19611 

1* 

6i  7 

7594.0 

T.  luilO 

3660.0 

BI.03: 

95.000 

.B9TT1 

14 

sio 

7 594.  ) 

8.9001 

33b  3. J 

b 1,630 

101.00 

.90386 

lb 

7?) 

75*9.0 

l T. bjO 

6090. ' 

69.R30 

111.00 

.81269 

lb 

7?  4 

7*99.0 

21. 103 

3bbb.o 

13. TOO 

16T.0C 

.86000 

lb 

7?  b 

759*^,  j 

21.10? 

36  .L.l, 

23.111 

161.00 

.85861 

lb 

7 IU 

75«MI.  J 

21.100 

1 6 T 3.0 

TO. Til 

161.00 

.15618 

lb 

-*?  r 

7599.2 

?i.  ire 

3TT3.0 

T1.2J1 

16  T.  00 

.85301 

lb 

414 

9479.9 

11.900 

3T33.0 

Tl  .900 

83.030 

.BT1T1 

lb 

* l* 

9479. j 

11.900 

3900.0 

TT. 103 

8T.OOO 

•8T020 

lb 

Alt 

9479.C 

13.910 

6021.0 

26.600 

83.000 

.86633 

P 

Bl? 

9h79.(, 

13.900 

3120.0 

12.200 

86.000 

.88255 

lb 

Alt) 

9479.0 

13.9J0 

3150.0 

16.900 

90.000 

.8M1T 

lb 

«19 

9479.9 

11.930 

36  30.0 

T6.100 

112.00 

.88169 

lb 

H25 

9479.0 

11.300 

231 '.0 

13.100 

1T0.00 

•91T95 

17 

772 

7599.0 

13.900 

3913.0 

61.800 

T6.300 

.86818 

IT 

771 

7599.9 

13.903 

3950. 0 

T6.303 

T9. 000 

.86818 

IT 

77a 

7599.0 

13.900 

3913.0 

T5.003 

89.000 

.16818 

IT 

7 75 

7599.0 

13.900 

610C.O 

ac.oor 

T6.100 

.86692 

IT 

7fl5 

7599.9 

11.100 

33CC.0 

69.600 

96.000 

.89813 

IT 

7Ab 

7599.4 

11. TOO 

3913.0 

61.100 

110.00 

.82529 

IT 

7*7 

7549.0 

1 1.  TOO 

6193.0 

61. TOO 

106.10 

.86212 

IT 

789 

7599.0 

11. TOO 

3680.3 

Tl .000 

103.00 

.88611 

IT 

79  V 

7599.0 

11. TOO 

3810.0 

62.800 

66.000 

.8TT1T 

19 

83  R 

9479.0 

l.TOOO 

3130.0 

18.200 

81.000 

.91220 

l« 

H 39 

9479.0 

l.TOOO 

3900.0 

26.300 

86.100 

.90882 

19 

)40 

9479.0 

2 • bOOO 

3900.0 

60.200 

112.10 

.90120 

29 

879 

7599.0 

13.300 

3300.0 

16.600 

31.000 

.89163 

20 

881 

7599.0 

13.130 

3TOO.O 

TO. 100 

31.000 

.82812 

20 

862 

7599.0 

11. 300 

3350. 0 

81.900 

26.000 

.88998 

29 

88) 

7594.0 

13.300 

3610.0 

66 • TOO 

33.000 

.88011 

29 

884 

7599.0 

12.200 

2910.0 

T9. 200 

33.000 

• 906M 

23 

885 

7599.0 

1 3. 300 

3110.0 

TT.805 

30.100 

.82366 

11 

3 34 

7805.0 

1 T. 190 

2000.0 

69.100 

92.000 

.92086 

11 

337 

7805.0 

16.100 

2100.0 

11.800 

81.000 

.92622 

11 

596 

7694.0 

9.6000 

3000.0 

31. TOO 

81.300 

.91600 

11 

597 

7694.0 

9.6000 

263w.O 

28.900 

96.200 

.92211 

11 

598 

7694.0 

9.6000 

2680.0 

33.900 

102.10 

.93168 

11 

599 

7694.0 

10.000 

2630.0 

31.300 

10T.10 

.92619 

11 

60  J 

7694.0 

10.000 

3T10.0 

6T.T00 

139.00 

.88211 

11 

601 

7694.0 

11. 100 

2610.0 

6T.500 

139.00 

.92281 

11 

602 

7694.0 

11.100 

2330.0 

61.600 

163.00 

.93123 

11 

603 

7694.9 

12. TOO 

1T80.0 

38.100 

I6T.00 

.96682 

lb 

737 

7599.0 

lb. 300 

3630.0 

26.000 

121.00 

.86169 

lb 

738 

7599.0 

18.900 

33T0.0 

TO. 300 

111.00 

•8T22T 

16 

739 

7509.0 

ia.300 

3690.0 

69.600 

116.00 

•863TT 

11 

820 

9479.0 

13.900 

3100.0 

T6.600 

100.00 

.88320 

lb 

821 

9479.0 

13.900 

3200.0 

13.800 

100.00 

.89306 

11 

872 

9479.0 

13.900 

3160.0 

T9. TOO 

108.00 

.89638 

lb 

82) 

9479.0 

IT. 200 

3060.0 

T2i 100 

108.00 

.88816 

It 

824 

9479.0 

11.000 

3120.0 

'6.600 

101.00 

.89228 

16 

740 

7599.0 

11.900 

3130.0 

'.9.  100 

16T.00 

.88006 

16 

741 

7599.0 

19.600 

3100.0 

66.  TOO 

139.00 

.82951 

19 

841 

9479.0 

3.9000 

2600.0 

11.100 

130.00 

.96199 

miuiiwiaikttcj 
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Variable  Number 


01 

c 

23 

<j 

25 

26 

27 

28 

29 

30 

5 

a 

n 

5.4100 

5*9900 

.65100 

.65100 

-8.3600 

-8.6000 

5 

13 

7. 7300 

7.9600 

1.9100 

1.8100 

-9.3100 

-9.5500 

S 

14 

9.0000 

9.2300 

2.3900 

3.5600 

-9.7930 

-10.300 

5 

15 

9.9200 

10.000 

.65100 

1.81)0 

-10.000 

-10.300 

5 

16 

12.900 

12.900 

1.9100 

1.8100 

-11.000 

-11.000 

5 

21 

4.4100 

6.9300 

2.9600 

2.9600 

-2.6600 

-3.0000 

5 

23 

4.9700 

5.2000 

1.8.10 

2.3900 

-6.6900 

-6.9300 

5 

25 

7.9600 

9.3100 

1.2300 

1.2300 

-7.7600 

-7.8800 

5 

2<i 

4.5100 

6.9100 

.72600E-01 

■ T2600E-0 1 

18.900 
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LIST  OF  SYMBOLS 


b number  of  rotor  blades 

b.  intercept  of  the  regression  line  with  the  axis 

1 of  the  dependent  variable 

CT  rotor  average  lift  coefficient,  6C„/o 

Li  1 

c blade  chord,  feet 

c^  blade  element  lift  coefficient 

CT/a  ratio  of  thrust  coefficient  to  solidity, 

T 

p (flR) 2bcR 

th 

d. . deviation  from  the  mean  of  the  jc  variable  for 

1]  th 

the  1 observation 

Hp  pressure  altitude,  feet 

I rotor  blade  chordwise  moment  of  inertia, 

x 2 
m. -lb-sec 


K 

k 


Mi 


m.  . 

ID 


rotor  blade  beamwise  moment  of  inertia, 
2 

in. -lb-sec 

Southwell  poefficient 

number  of  independent  variables 

number  of  observations  of  jth  variable 

slope  of  the  regression  line 


N number  of  observations  reduced  by  the  number  of 

constraints 

n number  of  observations 

OAT  outside  air  temperature,  degrees  Fahrenheit 

p probability  in  Student-t  distribution 
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LIST  OF  SYMBOLS  - Continued 


R 

R 


R.  . 
ID 


Ri. jkl. . . 


r . . 
J-D 


ri j . kl . . . 


s . 
D 


t 

t 

t 

comp 

tz 


X . 
D 


X, 


x . 

D 

x . . 

ID 


number  of  independant  variables  introduced  in 
the  analysis 

rotor  radius,  feet 

determinant  of  correlation  coefficient  matrix 

matrix  of  correlation  coefficients 

cofactors  of  the  correlation  coefficient  matrix 

multiple  correlation  coefficient 

simple  correlation  coefficient 

partial  correlation  coefficient 

fch 

standard  deviation,  for  the  sample,  of  the  j 
variable 

thrust,  pounds 

true  airspeed,  knots 

time,  seconds 

variable  in  Student-t  distribution 
computed  value  of  t used  in  Student-t  tost 

height  of  trace  zero  above  reference  line,  inches 
standard  normal  variable  corresponding  to  x ^ 

approximation  to  X.  computed  from  linear  regres- 
sion equation  ^ 

value  of  variable 

mean  value  of  variable 

value  of  j ^ variable  for  i^1  observation 
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2 , z 

zcrit 

a 

a 

r 

Af/ 


’K 


normalized  variable  used  in  z test 
critical  value  of  z 

angle  of  attack,  degrees 

retreating  blade  tip  angle  of  attack,  degrees 

indicates  the  difference  between  the  value  at 
the  time  of  maximum  mean  normal  load  factor  and 
the  value  at  the  beginning  of  the  maneuver 

hypothetical  mean  used  in  Z test 


advance  ratio,  1.688  TAS/QR 

rotor  blade  weight  per  inch,  pounds/inch 

rotor  solidity, 

M K 

fch 

population  standard  deviation  of  the  j variable 

standard  deviation  of  transformed  variable  z 
rotor  rotational  rate,  radians/second 
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